Combinatorial approaches for segmentingbacterium genomes by Andonov, Rumen et al.
HAL Id: inria-00071730
https://hal.inria.fr/inria-00071730
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Combinatorial approaches for segmentingbacterium
genomes
Rumen Andonov, Nicola Yanev, Dominique Lavenier, Philippe Veber
To cite this version:
Rumen Andonov, Nicola Yanev, Dominique Lavenier, Philippe Veber. Combinatorial approaches for
segmentingbacterium genomes. [Research Report] RR-4853, INRIA. 2003. ￿inria-00071730￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
48
53
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Combinatorial approaches for segmenting
bacterium genomes
R. Andonov N. Yanev D. Lavenier P. Veber
N˚4853
Juin 2003
THÈME 3
 
	
 !"#	$%	&"
'(
) "	#
*,+.-/012/14365879+:$;</=>36?A@9+'BC;D3<=E/FG=EH8IAJC+K=ELM=EH&N
O(PRQ%SUTVWYX[ZE\]T_^a`cbd\aegfcZ8PRfcSASUT%hiSj`>bkPlegZRTcm
enSj`pocT_q_mDrRf>ZRZRs_T_q_mRb
fcZRZl`petqaq]`>Zlb
Tuq
vM^]f>wxT
\aqzy4{ES$|Renfcq]T
}C`p~R~<f>^]\zr4T^]TubkPRT%^kbkPRTZ>cEpV9WcRenZ>>cVWu$~`po>Tuq
8_%R>>  `>b
\]T%^aenRSo>T_ZRf>SUTA~Rn`cqx\aenb%e\x{9`pZl`>g{4q]enqb%`>ZT
b%egT_Zc\ag{|TU~<T%^]f>^aSATur,|D{, fcZRoph
}C`pZRocTv¢¡¢}¤£vf>n{DSUT%^k`>q]T$¡¥Pl`penZ,}T_`cbd\aegfcZ¦d§(O(PRT¨l^kq©\ªqx\aT%~^aT_«ERen^]Tuq(\]f8q]~Rne\C\]PRTocT%ZRfcSUTegZE\]f
PDRZr4^]TurRqfpq]PRf>^]\f¬>T_^]t`p~R~legZRoq©T_o>SUT%ZE\kq­PRenbkP!m`p®\]T%^`>SU~Rgeg¨b_`\]enf>Z!m`p^aTUlq]T_r9\]f,q]¯>T%\abkP°\]PRT
~l^]f>¨lgTUf>(r4eg±2T%^aT%ZE\|l`>b
\]T_^]enRS²q©\]^k`penZlq_§8O(PRTq]T%ocSAT_ZE\aq\]f|<T8`>SA~lgeg¨lT_r³`>^]Tjr4T%\]T%^aSUegZlT_r°lq]egZRo
`^]T%T%^aT%Zlb%T8|l`cbd\aT%^aegRS´q©\]^k`penZ §³O(PRT%{Pl`µ¬cTj\]f³b
f¬cT%^\aPRTT%ZE\]en^]To>T_ZRf>SUT8`>Zlr\af|<T&f>CZRTu`p^ag{
etr4T_Zc\aenb_`pCq]en¶%T>§·X[Z¸\aPRetqj^]T_~fc^©\um¥­¢Tlq]T,`pZ¸egZE\aT%^a¬µ`>o>^k`p~RP¹f>^8~R^]Tuq©T_ZE\]enZRo°\]PRT,q]T%ocSAT_ZE\aqj`pZr
\aPRT%en^¢~fEq©eg\]enf>Z §º°Tq]PRf­»\]P`\¢\]PRTSUfcq©\¢`p~l~R^]fc~R^aen`p\]TCbkPRfcenb%Tf>^(q]lbkP8q]T%o>SUT_Zc\kqMetq¥T_«ERen¬µ`>gT_ZE\M\]f
q]f>n¬DegZlo`¯DenZlrjfpy4PRf>^]\]Tuqx\¢v`p\]PvM^]fc|RgT_S¼f>Z8`q]R|Roc^a`>~RPjfp½\aPRTegZE\]T_^]¬`>lo>^k`p~lPb%`pnnT_rb%f¬>T%^aenZRo
oc^a`>~RP §º°T&~l^]fc~fEq©TU\x­¢f,f>~R\]enSAen¶_`p\]enf>Z¾SUf4r4T_nqf>^\]PRetq~l^]fc|RgT_S§O(PRT_q]T8SUf4r4T_nqAb
fc^]^aT_q]~fcZlr
\af8\x­¢fb
^ae\aT%^aen`f>^SUT_`>q]R^aegZlo\]PlTU«El`>geg\x{fp¥\]PRTjb%f¬>T%^aenZRol¿.£e®¦C\]PRTUSj`À4enSj`p.r4T%¬Det`\aegfcZfp¥\]PRT
q]T%ocSUT%ZE\aqnT%ZRo>\]Plq.^]fcSÁ`Â>Ã®ÄµÅ%Æ&etr4Tu`pRnT%ZRo>\]Pjq]PRf>RtrA|TCSAenZRenSj`pim£ene®¦\]fCÇMÆ<È$`gT_ZRop\aPq©bkP$\aPl`\
\aPl`\zSj`pÀDenSj`p!rRT%¬Den`p\]enf>Z^af>SÉeg\zetqSUegZRenSj`pi§¢Êlf>^Tu`>bkPb
^ae\aT%^aeglS­¥TrRT%^aeg¬cT\x­¥fj`pno>fc^]eg\]PlSUq(f>
nenZRT_`>^zb
f>SU~RnT
À4eg\x{jegZ^aT_q]~Tubd\\af$\aPRTZDRS|<T%^f>`>^ab_q¢egZ\]PlTo>^k`p~RP §
ËÌEÍ2ÎaÏÐ Ñ> b%f>S$|RegZ`\]fc^]et`p2fc~4\]enSUeg¶u`\]enf>Z!m4ZRT
\x­¢f>^a¯UÒlf­m4o>T_ZRf>SUT~Rt`>q©\]etb
eg\x{
ÓtÔ½Õ]ÖØ×_Ù(ÕÚÛnÖØÜiÝ
Þ
ß àµáãâ¢ä½ådæèçjáãâ(éêkæëiáìêkíãí îâGïµéµépådæëiðxñò
îUëGàµðógæGðxôµõiàuö®òµïµíã÷
êkæèáìêkôéuæGåkøèðxõ[ëCù!ú®ûDüMý þdÿdÿ læGåd÷dæGêðñEý êkõ[ëGáãådôµâ
áãô%ëGðx÷dæ
	xðxâ>üú'êkôuñªä êkâ!épð©æógådæ
ðxññuïµæGáãôu÷zêuáãâGá ë åkó2êkôµðCëiå¥ëiàµð2ú jëið©ê"!uúù!ú_ü!pù ð©ôuôµðxâ
#$ ôµá 
ðxæèâiá ë®îªåkó&%2êkíãðxôµõxáãðxôµôµðxâ'!ù!ï(ðxô) üôµñµådôµå*,+ïuôµá _ödêkíãðxôµõxáãðxôµôµðxâ' ógæ
- $ ôµá 
ðxæèâiá ë®îªåkó._å/pê !02ïµíã÷
êkæèáìê !õØàuådò%î(+1zêaëià2 òêkâ' òµ÷
34 åáãôµá65%ïµð û4ê*
ðxôµáãðxæ7+áãæGáãâiê  ónæ
8 $ ôµá 
ðxæèâiá ë®îªåkólù!ðxôµôµðxâ:9
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
  &j&É¥´
	dÉ9)& % !"#	$
	
"	#¼'(
	
 
	   !`&~Rt`>q©\]etb
eg\]sUr4T_qªo>s_ZRf>SUTuqC|l`cbd\as%^aegT_ZlqC~<T%R\T%b%`>b%T%SUT%ZE\
\]^aTAs
\]r4egs_T$~`p^!}(h
v(¡¢} £pÆEÂpÆEÂEÅjÅ! "#%Å%$'&(Ã®Æ2ÅªÅ)+*-,GÃ.pÆE¦d§¢!`A~R^aT%SUenQ%^aTs%\a`>~Tb%f>Zlq]enq©\]T0/jr4sub
fcR~T_^gT
ocs%ZRfcSUTªT_Z&RZlTS$Rg\]eg\]lr4TrRTb%f>R^]\aqq]T%ocSUT%ZE\aq(«ERe q]TbkPlT%¬`plbkPlT%ZE\¢T%\z«cleGml`>~R^aQ_q(`pSU~Rne¨<b%`\aegfcZ
1 fc³ZRf>Z 1 m^aT%~R^as_q]T%ZE\]T_ZE\nTj~R^afp¨lnTr4Tr4eg±2s%^aT%ZE\]Tuqq©fclbkPRTuq|l`>b
\]s_^]enT%ZRZlT_q_§8 Tuqq©T_o>SUT%ZE\kqq©fcZE\rRs
\]T_^]SUenZRs_q!~l`p^^a`>~R~<f>^]\/RZRT¢q©fclbkPRT'r4T¥^]s%s%^aT%Zlb%T>§ X[tqr4f>en¬>T_Zc\^]Tub
f>l¬E^aen^½32 T%Zlq]T%S$|RnT¥r4ocs%ZRfcSUT
T%\4%\]^aTrRTC\k`pengnTª~l^a`p\]et«clT%SUT%ZE\(enr4T_ZE\]et«clT>§65ª`>Zlq(b
T^a`>~R~<f>^]\_mDRZ8oc^a`>~RPRTr72 enZE\]T_^]¬`pnnT_q¢T_q©\¢R\]engetq©s
~<f>l^^]T_~R^]suq©T_ZE\]T%^nT_qq]T%ocSAT_ZE\aqT
\nT%R^~<fcq]eg\]enf>Z §98Cf>lqSUf>ZE\a^]fcZlq«clTjgTUSUT%engnT%l^bkPRf>egÀ,~<f>R^
rRs
\]T_^]SUenZRT%^RZRTAnenq©\]TAf>~4\aegSj`>gTUr4TUq©T_o>SUT%ZE\aqªT_q©\s_«ERen¬µ`>gT_ZE\:/8n`&^]suq©fcgR\]enf>Zr72 RZRTA¬`p^aen`>ZE\]T$rR
~l^]fc|RgQ_SUT8r4¾~RnlqAb
fcR^©\AbkPRT%SUenZ £<;=&= >,[Å!#),?,@&AB "+C-gÅ-¦$rR`pZqnT8o>^k`p~lPRT8r72 egZE\aT%^a¬µ`>gnT_q_§,!`
«El`>geg\]sr4 ^aT_b%f>R¬D^aT%SUT%ZE\Ur72 lZRTq]Reg\]Tr4Tq©T_o>SUT%ZE\aq$T_q©\$SUTuq©R^as%Tq©T_gfcZ¹r4T_4À¾b
^ae\aQ%^aT_qD£e®¦$gT
SUenZRenSRS rRTt`³r4s%¬Det`\aegfcZ Sj`À4enSU`>gTr4TuqA\a`penngTr4T_qjq]T%ocSUT%ZE\aqA~l`>^A^k`p~l~fc^©\E/lZRTgfcZRo>RT_R^aT
rRf>ZRZRs_T¿£enet¦gTSUegZlegS$RS r4T8F2 s_b%`>^©\ASj`À4egSj`>MT%ZE\a^]T&gT&~Rgq$nf>Zlo,T
\UgT&~RnlqUb
f>l^©\Uq©T_o>SUT%ZE\_§
vfcR^MbkPl`c«clTzb
^ae\aQ%^aT>m>Zlf>lq.~l^]fc~fEq©fcZlq.r4T%RÀU`>gocf>^ae\aPRSUT_q'r4Tªb
f>SU~RnT
À4eg\]snegZls_`pen^aT~l`p^'^k`p~l~fc^©\M`>
Zlf>S|l^]Tr4T_qC`p^kb%q(r4o>^k`p~RPlT>§
GÐ u Î +H   f>~4\aegSUetq]`p\]enf>Zb
fcS|RenZl`\af>en^]Tcmoc^a`>~RPRTjr72 egZE\aT%^a¬µ`>gnT_q_m~R^]fc|RnQ%SUT8r4TjÒfp\_m~Rt`>q©\]etb
eg\]s
rRT_q(o>s_ZRf>SUTuq
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ V
  	$!E)&M
	
 ~R^a`cbd\aenb_`p­(`µ{\]f q©\]r4{¾\aPRT,~Rt`>q©\]etb
eg\x{ f>|`>bd\aT%^aeglS o>T_ZRf>SUTuqU­e\aPRf>4\q©{4q©\]T%Sj`p\]etb%`pn{¹q]T
h
«ERT_Zlb
enZRoU`pn2\]PRT`µ¬`pent`p|RnTªq©\]^k`penZlq¢enq¢\afUT
À4~Rnf>eg\¥\aPRT!}(hØv¢¡¢} £è!f>ZRoU}z`pZlo>Tvfcg{DSUT%^k`>q]T¡¥P`penZ
}zT_`>b
\]enf>Z¦M\aT_bkPRZRet«ERT>§'O(PlTo>T%Zlf>SUT_q¢fp\]PlTqx\a^a`>egZlq(`>^]Tq]~Rgeg\zenZc\afj`$t`p^ao>TZDRS|<T%^Cfpq]PRfc^©\zq]T%oph
SUT_Zc\kqM|<T
fc^]T~<T%^]f>^aSAenZRoA`!}hiv¢¡¢} f>ZTu`>bkPf> \]PlT%S§ 5CT_~T_Zlr4enZRoAf>Zj\aPRTª^aT%fc^]oE`pZRen¶_`p\]enf>Z m>\]PRT
rRT%nT
\]enf>Z°f>^\aPRTjenZlq©T_^©\aegfcZf>(b%T%^]\a`penZocT%ZRfcSUenbA¶%fcZRT_q_m eg\enqT%À4~Tubd\]Tur9\]Pl`p\`T_­Áq]T%ocSAT_ZE\aq­eng
Zlfp\|<T`pSU~Rne¨lTur³|D{\]PRT&!}(hØv¢¡¢}§!O(PDlq`  "©Ç gÅ&b
fc^]^aT_q]~fcZlr4enZRo&\]f\]PlT`pSU~Rne¨lTur 1 f>^ZRfcZ`>SU~Rgeg¨lTur 1 q]T%ocSUT%ZE\aqC­egn|TU`>qaq©eno>ZlT_r\af8T_`cbkPq©\]^k`penZ §O(PlT¨lZ`pqx\aT%~etqC\]f~T_^©fc^]S`ocgfc|l`p`>Zl`pn{4q©etq(fpM`>g \]PRT$~R^]f>¨lnT_q_§¢O(PRetqCq©\]^k`\aT%oc{>ml^aT_b%T%ZE\]n{\aT_q©\]Tur|E{	ªPRZRetq]PRe¢Å-,?
 !\]f&qx\alr4{\]PRT
ocT%ZRfcSUTrReg¬cT%^kq©eg\x{jfp
 *)ìÃ®menq(T%À4~Rn`>egZlT_r&f>ZÊenol§c§
O(PRT¢q©T_o>SUT%ZE\kq½\]fª|T(`pSU~Rneg¨lT_r`>^]T¥r4T
\aT%^aSAenZRTurlq]egZRoª`z^aT
T%^aT%Zb
TMq©\]^k`penZ §O(PlTMo>fE`ppetq!\]fªb%f¬>T_^
\aPRTAo>T%Zlf>SUT­eg\]P9f¬>T%^at`p~R~RenZRo8q]T%ocSUT%ZE\aqªfp'ZRTu`p^ag{etr4T%ZE\aenb_`p.q©en¶%Tcm2¯EZlf­egZRo8\]Pl`p\ª\aPRTUq©T_o>SUT%ZE\aq
nf4b%`p\]enf>Zlq`>^]T&b
f>Zqx\a^a`>egZRTur°|E{³q©\a`p^]\]enZRo,`>ZlrT%Zr4egZlophØ~R^]enSUT%^kq%§O(PRT&r4enq©\]^aen|R4\]enf>Zf>\]PRT&~R^aegSUT%^
q]eg\]T_qC`pnf>ZRoU\aPRT|l`cbd\]T_^]enRS o>T%Zlf>SUTenqCZRf>ZRhiRZlefc^]S§¥O(PlT%^aTSj`µ{8|<Tn`>^]ocT^]T_o>enf>Zlq£G`UT%­|R~¦
­eg\]Plf>4\A~R^]enSUT%^Aq©eg\]Tuqf>^umf>Z³\aPRT&b%f>ZE\]^k`p^a{>m¬>T%^a{³r4T%Zlq]T^aT%ocegfcZlqfpz~l^]enSUT%^$q]eg\]T_q_§X[Z `crRr4eg\]enf>Z m
q]f>SUTz^aT%ocegfcZlqM`>^]Tzf>^a|Renrlr4T%Z'D\]PlT%{b
fc^]^aT_q]~<f>Zlr$\]f$^]T_~Tu`\aT_rj¶_f>ZRTuq%mE|l`>b
\]T_^]enf>~RP`po>Tzq]T_«ERT_Zlb
Tuq%mEf>^
SUfc|RegnT(T%nT%SUT%ZE\kq.q©lbkPU`>q\a^a`>Zlq©~<fcq]f>Zq%§  q'q]f>SUT¥f>\aPRT_q]T(^]T_o>enf>Zlq`p^aT¢o>^aT_`\aT%^\]P`pZ$\]PRTT%ÀD~<T_b
\]Tur
q]en¶%T(fp\]PRTq]T%o>SUT_Zc\kq%mp\]PRT(o>T_ZRf>SUT(etq.b
4\'enZE\]f`zT_­¹ZDRS$|T_^.fp<genZRT_`>^.q©T_o>SUT%ZE\aq_m>b_`pngTur$r4fcSj`penZlq%§
O(PDlq_m½\]PlTA~l^]fc|RgT_S fp(q©T_o>SUT%ZE\aegZRo`b
f>SU~RnT
\aTU|l`>b
\]T%^aet`po>T_ZRf>SUTAenq^aT_r4b
T_r\]fq]~Rgeg\T_`cbkP
rRf>Sj`penZegZE\af8q©T_o>SUT%ZE\kqzfp.ZRTu`p^ag{etr4T%ZE\]etb%`>q]eg¶_T>§  gfcZRo8`r4fcSj`penZ ml\aPRT%^aT`>^]Tq]~<T_b
eg¨b~<fcq]eg\]enf>Zlq
b%f>^a^]Tuq©~<f>Zr4egZlo\]f`>g<~fEq]q]en|RgTC~R^]enSUT%^¢q©eg\]Tuq%§.O(PRTªf¬>T%^at`p~R~RenZRoq]T%o>SUT_Zc\kqMb_`pZfcZRg{Uq©\a`p^]\¥`>ZlrjT%Zr
`p\.\]PRTuq©T~<fcq]eg\]enf>Zlq_§XØ2­¢Tz`>qaq©RSUTcmf>^.\aPRTzqa`p¯>T(f>2q]egSU~Rnetb
eg\x{>mp\aPl`\¢`q]f>n4\aegfcZAetq.Sj`>rRTfp½`getqx\'f>
 q©T_o>SUT%ZE\aq_mD`pZlr\]Pl`p\¥T_`cbkP8q]T%o>SUT_Zc\(b%`>Zj\a`>¯>TCfcZRn{r4e±2T%^aT%ZE\¢~fEq©eg\]enf>Zlq_mE\]PRT_Z\aPRTªZDRS$|T_^¥f>
~<fcqaq]eg|Renne\aegTuqMetqMTu«El`p\]f§'ÊenZlr4enZRo\aPRTª|<T_q©\(f>ZRTª­PRT%Zenq¥t`p^ao>Tzetq(b
nT_`p^an{A`$b
f>S$|RenZl`\af>^aen`>
~l^]fc|RgT_S £enZ^]Tu`p `>~R~Rnenb_`\]enf>Z!m! " c¦d§
X[Z&\]PRetq(~l`>~T_^_mD­¢Tb%f>Zlq]enrRT%^r4en¬>T%^kq]Tª`p~l~R^]fE`>bkPRTuq.fc^(q]f>n¬DegZlo\]Plenq(~R^af>|lgT_S§#en¬>T_Z&`Ar4f>Sj`penZ m
ei§ T>§'` 58  q©Tu«clT%Zlb%Tª^k`pZRocegZlo^af>S`$T%­Á_c~R|&\]fj`T%­%$|R~ mD\af>o>T%\]PRT_^(­e\aP`>g½~<fp\aT%ZE\]et`p
~l^]enSUT%^U~fEq©eg\]enf>Zq%m¢­¥TZRT_T_r¹\]fb
f¬cT%^Ae\­eg\]P·`³q]T_«ERT%Zb
Tfpf¬>T%^at`p~R~RenZRoq]T%ocSUT%ZE\aqUf>ªZRTu`p^ag{
etr4T_Zc\aenb_`p q]eg¶_T>§'O(PRTuq©Tq]T%ocSAT_ZE\aq(Pl`µ¬cTC\afUqa`\aenq©{j\aPRTf>ngf­enZRojb
fcZlr4eg\]enf>Zlq
D
& O(PRTnT%ZRo>\]Pfp`pZD{8q]T%o>SUT_Zc\¬`p^aenT_q¢egZ\aPRTegZE\aT%^a¬µ`>' ( ) (*Ø§
& O(PRTnT%ZRo>\]Pfp\]PRTf¬cT%^an`>~|T%\x­¥T_T%Z`pZD{j\x­¢fjq©T_o>SUT%ZE\kq¥¬`>^]enT_q(enZ\]PRTenZE\]T%^a¬`p*,+ ) +-Ø§
& O(PRTr4etqx\k`pZlb%TC^af>S¼\aPRT|T_o>enZ&f>!\]PlTrRf>Sj`penZ\af\aPRTqx\k`p^]\]enZRophØ~R^aegSUT%^¢fp!\]PRT¨l^kqx\zq]T%ocSAT_ZE\
Pl`>q¢\afj|TZlfASUfc^]T\]P`pZ/.0§'O(PRTr4enq©\a`>Zlb
T^af>SÉ\]PRTT_Zlr4enZRophØ~R^aegSUT%^(f>!\]PlTn`cqx\Cq]T%ocSAT_ZE\
\]fU\aPRTT%Zlrf>!\]PlTr4f>Sj`penZPl`>q¢\afj|TZRfUSUf>^aT\]Pl`>Z.21µ§
O­¥fb_`>q]T_qf>\aPRenq'~R^]fc|RnT%SP`µ¬>T(|T_T%Zjb
fcZlq]enr4T_^]Tur½§!X[ZU\aPRT(¨l^kqx\'fcZRT­¢Tzq©Tu`p^kbkPf>^¥`q©Tu«clT%Zlb%T
f>f¬cT%^an`>~R~RenZRojq©T_o>SUT%ZE\kq%mRTu`>bkPf>ZRTf>'q©en¶%TenZ\]PRTegZE\]T_^]¬`> ( ) (*`pZlr`cqzb
nfcq]T`>q~<fcqaq]eg|RnT\]f`
ùù ô'3547698 
 
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
1   2   3   4   5   6   7   8   9  10
9
10
7
6
5
4
3
2
1
7 1   2   3   4   5   6   7   8   9  10
8
6
9
10
4
7
6
5
4
3
2
1
1   2   3   4   5   6   7   8   9  10
8
9
10
5
3
2
1
8
Reference
strain
Strain B
E
f
Strain A
profil
fragments 3, 4, 9 and10 cannot be amplified
rearrangements  between zones i and d
fragments 4 and 5 cannot be amplified
zone e mutated into E
i
e
f
g
h
d a
b
c
a
b
c
df
g
h
i
profil
profil
a
b
c
d
e
g
h
i
Êeno>R^aT+DyE\]^k`\aT%o>{\afqx\alr4{\aPRT~Rt`>q©\]etb
eg\x{fp2`b
en^ab%Rt`p^|l`>b
\]T_^]et`pDo>T_ZRf>SUT D`^]T%T%^aT%Zlb%T¢q©\]^k`penZAenq
lgn{Ab%f¬>T_^]Tur­eg\]Pjf¬>T_^]t`p~Aq©T_o>SUT%ZE\kq%§O(PRT\x­¢fT%ÀD\]^aT%SUe\aegTuq.fp2T_`cbkPjq©T_o>SUT%ZE\aq.`>^]TbkPl`>^a`cbd\aT%^aeg¶_T_r
|D{\x­¢f~R^]enSUT%^kq%§$O!f­¢f>^a¯~l^]fc~T_^]n{>m2\aPRT!}(hØv¢¡¢}Á^]Tu«EReg^aT_qC\]PlT_q]TA~l^]enSUT%^kqC\af|Tjq]~l`>b%T_r9|E{,`
¨lÀDTur8r4etq©\a`pZb
TU£®f>^(T%À4`>SU~RgTA_ |R~¦
§ ªZ8\aPRTª^aT
T_^]T_Zlb
Tq©\]^k`penZ mE\]PRT!}hiv¢¡¢} `pSU~Rne¨T_q(`pn2\]PRT
q]T%ocSUT%ZE\aq_mo>en¬EenZRo°`,^aT
T%^aT%Zb
T~R^afp¨gT`>qrRT%~Retbd\aT_r `>|f¬cT>§9º·PRT%Z\aPRT!}(hØv¢¡¢}etqA`p~R~RnenT_rfcZ
rRe±2T%^aT%ZE\zqx\a^a`>egZq%mRq]f>SUTq©T_o>SUT%ZE\kq(­egn½ZRfp\z|<T`pSU~Rneg¨lT_rr4T_~T_Zlr4enZRojf>Z&\]PRTocT%ZRfcSUT¬`>^]et`\aegfcZlq%§
Â>Ã®ÄÅ
Æ³etr4T_`>q]eg¶_T (z§CX[Z,\]PlT$q]T_b
fcZlrb%`cq©Tcm (6enqb
fcZlq©etr4T_^]Tur`>qC`>Z 4ÆpÆ .Æ9`>Zlr­¢TnfEfc¯8fc^ (m
(  ( (zmEq©lbkP$\]P`\.\]PlT|Tuqx\Mq]T%ocSAT_ZE\a`\aegfcZ$­eg\]PU^aT_q]~Tubd\\]feg\'etq.fp<SAenZRenSj`pRT_^]^af>^u§Êlf>^.T_`cbkP
b_`>q]T­¥T Dª£èet¦¢fc^]S$Rt`\]T`jq]Reg\a`>|RgT$b
f>S$|RenZl`\af>^aen`>½f>~4\aegSUen¶_`\aegfcZSAf4r4T_G¿£ene®¦(~R^af>o>^k`pS r4T_r4etb%`p\]Tur
oc^a`>~RP&`>gocf>^ae\aPRSjq¢f>^zq]f>n¬DegZRo$\]PlT_q]TSAf4r4T_nq_¿!£èegenet¦(`>Zl`pn{D¶%T\]PlTb
f>SU~RnT
À4eg\x{fp\]PlT_q]T`>gocf>^ae\aPRSjq%§
º°TC`>^]TZRf>\¥`µ­(`p^aT¢f>½fp\]PlT%^M`>gocf>^ae\aPRSjq^]fcS\aPRTzne\aT%^k`\]l^]T(\afPl`µ¬>T|<T%T_Zjlq]T_rAf>^'\]PRetqM~lR^]~<fcq]T>§
ª^aoc`>ZReg¶u`\aegfcZ&f>.\]PRT~`p~<T%^CetqC`cqfcgnf­zq%§O(PRTf>^aSU`>q©\a`p\]T%SUT_Zc\ªfp\]PRT$~R^af>|RnT%S `pZlrrRT
¨Rh
Zle\aegfcZlqC`>^]To>en¬>T_ZegZ,q]T_b
\]enf>ZD§zyDTubd\]enf>ZVjetqzr4Tur4etb%`\aT_r\afj\]PRT¨l^aq©\Cb%`cq©Tf>\]PRT~l^]fc|RgT_Sml­PRengT
q]T_b
\]enf>Zjb
f>Zq©etr4T%^kq¥\]PRTq]T_b%f>Zlrb%`cq©Tc§68zRSUT%^aetb%`p½^aT_q]Rg\aq`>^]T~R^af¬Denr4TurenZq©Tubd\]enf>Z4§
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ 
    
z .´)
%	
O(PlTUf>^aSU`>Mq©\a`\aT%SUT%ZE\f>¥\aPRT~R^af>|RnT%S²enq`>qfcgnf­zq-Dfc^`o>en¬>T_Z³ZEb
nT%fp\aenrRTq©Tu«clT%Zlb%T>m`q]T
\
 fp(qx\k`p^]\]enZRophØ~R^aegSUT_^q]e\aT_q_m!`pZr9`q©T%\  fp¥T_Zlr4enZRophØ~R^aegSUT_^q]e\aT_q­¢Tjb%`pZ°r4T
¨ZRTU\]PRTjq]T
\f>
 Å)#kÃ.C-gÅ #%ÅØÂjÅ
Æ ,.#dm4ei§ Tc§\]PRTq]T%ocSUT%ZE\aq
	  ) )q]lbkP&\]Pl`p\
D
&    )   §
& \]PRTnT%Zlop\]P	 !"#$qa`\aenq©¨lT_q ( %&	  (»­PRT%^aT( `pZlr (·`p^aTªoceg¬cT%Zb
fcZlqx\k`pZE\aq_§
O(PRT$|RenZl`p^a{&^aT%t`\aegfcZ('xetqCb%f>SU~l`\aeg|lgT$­e\aP*)9D+	-,.	0/!eg±1	0/q©\a`>^©\kq(\]f8\]PRT$gT%®\ªfp\aPRTT_Zlr4enZRoph
~l^]enSUT%^(q©eg\]Tfp2	`pZlr\]PRTnT%ZRo>\]Pfp \aPRTf¬>T%^at`p~Uè`pntq¥enZ3 + ) +i§'!T
\(lqr4T%Zlfp\]T|D{( 0£^aT_q]~ §54©¦
\aPRTq]T
\fp.q©T_o>SUT%ZE\kq(­PRenbkPb%`>Z&|<T%ocegZ£è^]Tuq©~ §T_Zlrl¦(`Uq©T_o>SUT%ZE\k`\]enf>Z!§
6Ì87:9:;  ;èÐ<9>= ?@A?  Z`p^a|Re\a^a`>^]{jq]T_«ERT_Zlb
T	CB )D	FE )GHGGD	JIfpT_`>q]en|RgTq]T%ocSAT_ZE\aq¢­egn |<T^]T%T%^a^]Turj\]f
`cq` * pÄµÅ- dÃ®ÆEÂ #%ÅLK7lÅ%Æ *kÅ(M3#%ÅØÂ+UÅ%Æ(,<,iÃ.ÆCNeg!	 B  0)L	 I OP4¥`>ZlrO	FQ,%	JQSR B §
6Ì87:9:;  ;èÐ<9>= ?T= ?CO(PlT *)ÄÅ! dÃ®ÆDÂÂ " =&fp2\]PlTZEb
nT%fp\aenrRTCq©Tu«ERT%Zlb%TenqM`r4eg^aT_b
\]Tur$oc^a`>~RPVUVW )XY>D
& \]PlTZRf4r4Tq©T%\W""Z\[^]")&_L`Em4­e\aP&\x­¢fj`>rRrRe\aegfcZl`p½¬cT%^]\]etb
T_q+]`pZlra_d§
& \]PlT`p^kbq]T
\
Xbc[*	 )L	 / dOfeOhgi	j,"	 / `kZj[8l] )L	 mj[F]C`neogi	jO 0 `kZj[*	 )&_&mOpej[q_L`fg8	\ 4 `
ªÅ!E Vr 
Ts"
8Cfp\aTz\]P`\M\aPRTªb%f¬>T_^]enZRoo>^k`p~RP(UVlW)DXMenq¥­eg\]PRfc4\¢b%eg^kb
Reg\aqM|Tub%`>lq©Tªfp½\aPRTC|RenZl`>^]{
^aT%t`\aegfcZt'xetq¢b
f>SU~l`p\]en|RnTC­eg\]P*)d§'O(PRTCZlf>Z4h[r4en^]Tubd\]Turj¬>T_^aq]enf>Zjfp½\aPRetq¥oc^a`>~RPjetq¥`$q©R|lo>^k`p~RPjf> \]PRTq]f
b_`pngTur8enZE\]T_^]¬`p½oc^a`>~RP9£Gq©T_TbkPl`p~R\]T%^c§ R§ /  ®¦¢f¬cT%^¢\]PlTq©T%\zfp!Tu`>q]eg|lgTenZc\aT%^a¬`ptq%§
u v  ¢xw	 !"#	$
	"hy %"{z	
X[ZU\aPRetqMq]T_bd\aegfcZj­¥Tz`cq]q]RSUT\aPl`\'\aPRTCq]T%ocSAT_ZE\'gT_ZRop\aP (enqMo>en¬>T_ZU`>ZlrU­¢Tzr4T
¨lZlTz\]PlTCb
fEqx\.RZbd\]enf>Z
|m} l	 f>Z1 `cq-Dt~ 	b> |m} l	  	 m# (§,O(PRenq$etq`SUenZRSj`À6£|<fp\]\]nT%ZRTubk¯4¦¬`p^aen`>Zc\f>
\aPRT8b%n`cq]q]enb_`pMyDPlf>^]\]T_q©\v.`\aPv'^af>|RnT%S £l5¦eg\]PRTnT%Zlop\]Pf>(`,~l`\aP-.H *iii<AqAenq
rRT
\]T_^]SUenZRT_r&|D{m0n1
qD
tdAL§
ªZRTb%`>Z¾T_`cq©enn{¾q©T_T&`pZ¹f>ZRT%hG\afphØf>ZRT&b
f>^a^aT_q]~fcZlr4T%Zb
T|<T
\x­¢T%T_Z¹b
f¬cT%^aegZloq©Tu«ERT%Zlb%T_qA`pZlr¾\]PRT
rReg^aT_b
\]T_r ~l`\aPlqA^af>S 9\af¡8egZ>¢9§  Z¹enZlq©\a`pZb
TfpC\aPRT~R^af>|RnT%S etqAo>en¬>T_Z f>Z¸Êego§»RmM­PRengT
eg\aqUb%f>^a^]Tuq©~<f>ZlrRegZRo9b
f¬>T_^]enZRooc^a`>~RP¾etqArRT%~Retbd\aT_r¾fcZ¹Êenol§VR§¾O(PRT`p^kb%q­¥T_egocPE\aq$f>Z¹Êenol§V°`p^aT
b%f>SU~R4\aT_r`>b_b
fc^ar4enZRoA\]fjTu«El`\aegfcZ°£i>¦`>Zlr­egn |<Tlq]T_regZq]T_b
\]enf>ZVR§ V4§MXØ.­¢Tr4T%ZRf>\]T|D{a£\]PRT
q]T
\f>~l`p\]Plq¢^af>S¤A\]fVµm4\aPRT~R^af>|RnT%S\]fU|Tq]f>n¬>Tur8etq+1¥¦
J§
  0Y¨© §
ùù ô'3547698 
  
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
a
b
c
d
12
8
10
14
12
e
8
f
1 3 11 12 1310 22 23 2421
starting−primers
primers positions on the domain
ending−primers
29 35
Êeno>R^aTj DªO(PlTUb%f>Zlq©\]^k`penZE\aq`p^aT  Y(   µm	
 m   aa A<mk8C 
 A'`pZlr\]PRT(r4f>Sj`>egZnT%ZRo>\]P  T_«El`>nq §Êlf>^!\]PRT(q]`>¯>T'f>lq©enSU~Rnenb%e\x{­¢T¥r4fzZlfp\.b
f>Zq©etr4T%^!\]PRT
T_ZE\]en^]TAq©T%\m½|R4\eg\aqq©l|lq©T%\b
fcZc\k`penZRenZRoj\]PlTTu`>q]eg|RnT$q]T%ocSUT%ZE\aq! "#A%$& '·­e\aPnT%ZRo>\]Plq
^aT_q]~<T_bd\aeg¬cT%n{j(*) + 
 ,-P+5*)A§
8 14
10 8
12
12
0
2 0
2
0
2 4
42
2
s t
a
b
c
d
e
f
0 0
Êeno>R^aTV=DAO(PRT8b%f¬>T%^aenZRoo>^k`p~RPb
fc^]^aT_q]~<f>Zlr4enZRo\]f9Êenol§,D§O(PRT&b
en^ab%gTuqb
fcZc\k`penZ°\]PRTq©T_o>SUT%ZE\aq
nT%Zlop\]Pq%§º·PRT_Z&`pno>fc^]eg\]PlS 5ÎD6/.0 ^af>Sq]T_b
\]enf>ZVR§nCf>^(`pno>fc^]eg\]PlS 5^af>S¤q]T_bd\aegfcZ&Vl§ enq
`>~R~RnegTurU\]f\]PRetq¥o>^k`p~RP mce\¢¨lZlrlq¥`>Zf>~4\aegSj`>l~l`p\]P3D!12 312#!14&51% z­PRetbkP8b
fcZE\a`penZlq¥q©T_o>SUT%ZE\aq
­eg\]PnT%ZRo>\]Plqµ4mn_A`pZlrR§'O(PlTT_^]^af>^(enZ^]Tuq©~<T_b
\¢\af_$T_«El`>nqzR§
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ  
 
		 "!$#
O(PlTU\x{E~lenb_`p'`p~l~R^]fE`>bkPf>^q]f>n¬DegZRoq]lbkP°~R^]fc|RnT%Sjqetq\]f&%
b_`\kbkP'%  © |E{9q©Tu«clT%Zlb%Tjfpr4T_b%^]Tu`>q©h
enZRoenZE\]T_^]¬`ptq£è|R^a`cbk¯>T%\aqk¦(`pZlr\afT
ÀRb
nlr4T^]fcS b%f>Zlq]enrRT%^k`\]enf>Z`pn5  ­PRfcq]T­¢T%eno>PE\aqè`pn!f>R\aq]enr4T
\aPRT8|l^a`cbk¯>T
\kq%§X[Z¾f>^kr4T%^\]f°q]`µ¬cTb
f>SU~RR\a`\aegfcZlqA`pZlr°\af9`µ¬>fcenr³lZRZRT_b%T_qaq]`>^]{°bkPRT_bk¯4q_megZlq©\]Tu`>rf>
% `p|lq]f>n4\aT(%b
fEqx\kq  '!e\enqC|T%\©\aT%^\]fq©T)%d^aT%t`\]en¬>T%b
fEqx\kq+*' µm r4T%¨lZRT_r,|E{ D
+*'  -,µm
egnd'!8etq\aPRTehi\]P¹SUegZRenSj`pzb%fcq©\AenZ¾\aPRTq©T%\Af>ª`pnb
fcq©\aq_§ ªZRTb
fcRtr\]^aen¬Eet`pnn{°¬cT%^ae{³\aPl`\
|l^a`cbk¯>T
\aegZlo&f>+/. © etqT_«ERen¬`pnT%ZE\\]f|R^k`>bk¯cT
\aegZRofp
 © § T%\lqr4T_ZRfp\aTj|E{$6/0"1 32 ` 5ªT%~4\aP4h
Êen^aq©\©hxyDTu`p^kbkP~R^]f4b%T_r4R^aT>m2­PRetbkP9rRenqab
f¬cT%^kqC`pn¬>T_^©\aenb%T_qªfpm¢²^aT_`>bkP`p|RnT^af>Sxl§  b%`>gfp6+0¢Î
41 52 ^aT
\aR^]ZqE,3 9lÅ8eg`  1 HahØ~l`p\]Petqf>lZlr¾`pZr   #%Å&fp\aPRT%^a­enq]T>§O(PRTf>ngf­enZRo,`pno>fc^]eg\]PRh
S  ÎL6 . 0&176 2 £35CXxbkPRf>\]fcSAetbyDv'v¢¦¨lZlrlqt/. © |E{°`\SUfcq©\98;:=<?>4@¸b_`pnnqf>B5Ê.y½£lE¦dm.­PlT%^aT
@$ b_`p^kr=A   '! 'CB$DFE §
 H;G Ð  ; IH  ÎL6 . 0&176 2KJ  rRenbkPRf>\]fcSAetbq©Tu`p^kbkPfc^(\]PRTq]PRf>^]\]Tuqx\ 1c~l`\aP&enZF6FE
; 9'L 	 D.r4en^]Tubd\aT_ro>^k`p~RPO¢$MD5NF+*l
Ð 	 L 	! D /. © hG\aPRTf>~4\aegSj`>4%dnT%ZRo>\]P'%p¿4`>b
{4b%getbo>^k`p~RP)OjmR^afDfp\]Tur&`p\R§
; 9:;  ; =H ;QP>Ì DSRUT  
 ¿R  V@Ï H ; H ÌWRXTZYVR  Ñ Ð\aT%SU~<f>^k`p^a{^]T_SUf¬>Tª`>g!¬>T%^]\]etb
Tuq¢­e\aPb%fcq©\o>^aT_`\aT%^¢\]P`pZ[]\Q^4[`_>
;Qa   t*
bH Ì*9cR ed []\f^4[`_> `>Zlr^]T_SAf¬cT`>g2\aT%SU~<f>^k`p^a{j^]T_SAf¬cT_r8¬>T%^]\]etb
TuqÌ HG ÌgRUT d []\h^"[i_> `>Zlr^]Tuqx\af>^aT`>g2\aT%SU~<f>^k`p^a{j^]T_SAf¬cT_r8¬>T%^]\]etb
TuqÌ89 Ñ Ï H ; H Ì
 Ì  /. © jR T ¿
L  ; 9  /. © mk
l Ð  L H Ì(m ;  Í  9 =H Í  ;   \z\]PlT¨lZl`pb%`>gM£fRXTdRKn¦¢\]PlT ÎL6 .0&1o6 2 ~R^af4b
T_rRR^]T|lRegtrRq
£èf>Z³`lq©T_^^]Tu«ERT_q©\k¦`>Z°`cb
{4b
nenbAoc^a`>~RPpO ­PRT_^]T   =, & #A^af>S &\]fA`p^aT$fc~4\]enSj`pMq]f>n4\aegfcZlq%§
O(PlT¬>T%^]\]etb
Tuqb
fEqx\(\]^k`pZqxfc^]Sj`\aegfcZb%f>Rtr&|TrRf>ZRT|D{8q]f>^]\]enZRoA\]PRT$b
fcq©\aq
d{ªegZE\af`>qab
T%Zr4egZlo
fc^arRT%^umlei§ Tc§CenZj5qrDsqo8;:=<+qrDSq \aegSUTc§yDenZlb%T$`pZD{b%`>gfp6/041 52 ^aT_«ERen^]Tuq j5qrDSq(tuq Nvq ª\aegSUT
lZRe\kq%m\aPRT8f¬cT%^k`pn'b
fcSA~lgT%ÀDeg\x{³enq j8;:=<Z@ 3qwDcqtxq Nvq j j5q Nyqz8;:=<U@P§,º·PRT%Z¾\]PRT\ Î
6/.0&1o6 2 `pno>fc^]eg\]PRS lq]T_q9% `p|lq]f>n4\]T%b
fcq©\aqY  ' µm<e\kqCb
fcSU~RgT%À4e\x{&enq!j3q{Nyqz8;:=<URa­PRT_^]T9R
etq\aPRTSj`À4enSRS `pnnf­¥Tur&T_^]^af>^u§(O(PRf>RocP|Rb
fcRnr|<TnT_qaq(\aPl`pZqwDcqnmllq]egZloj\]PRT^]T_n`p\]en¬>T_qCb
fcq©\aq
+*enZlqx\aT_`cr8f> ocl`p^k`pZE\aT%T_qM\]P`\6/0°­¥fc^]¯4q¢f>Zr4eg±<T_^]T_ZE\¢ f>ZT_`cbkPb_`pnG§
ªÅ!E W}"
Ts"
  r4eg±2T%^aT%ZE\(`>~R~R^afc`cbkPenq¢lq]T_r&enZ  V  bkPl`>~4\]T_^(l§ ­PRT_^]T`pZ`pno>f>^aeg\]PRS¤etq¢~R^]fc~fEq©Tur
fc^z¨lZr4egZloj\]PRT$~l`\aP,fp'Sj`pÀDenSj`p!b_`p~l`cb
eg\x{°£\]PRT$SUegZRenSj`pb%`>~l`>b%e\x{&f¬>T%^z\]PRTA`p^kb%qf>.\]PRT$~l`\aP¦d§
O(PlT`pno>f>^aeg\]PRS etq|`>q]T_r9f>Z¾`ÊRfc^arDh[ÊRlg¯cT%^kq©fcZ'2 q`>gen¯>TjSj`ÀDh[b%`>~l`>b%e\x{~ªSUegZRhØb%4\U£è^]T_n`p\]enf>Z³­PRT_Z
\aPRTzb
R\¥b%`>~l`>b%e\x{etq.Tu«c`p4\af\]PRTSj`À4enSj`plb_`p~l`cb
eg\x{f¬>T_^\aPRTC`>^ab_qfp<\]PRTzb%4\k¦
§Êlf>^'fcR^.~R^af>|RnT%Sm
\aPRTCSUenZ4hØSU`pÀj^]T_n`p\]enf>Zq]PRf>Rtrj|<TC^aT%¬cT%^kq©TurA`>Zlrj­eg\]PTu`>bkP8`>^abC`b%`>~l`>b%e\x{U`>b_b
f>^kr4enZRo\]f£Gc¦^af>S
ùù ô'3547698 
 
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
q]T_b
\]enf>Z8Vl§ V$q©Plf>Rtr|<T`cq]q]f4b
et`\aT_r½§O(PRTb
f>SU~RnT
À4eg\x{Ufp \aPRenq(`>gocf>^ae\aPRS¼enq¢ZRf>\¢oceg¬cT%ZenZ  V ØmD|R4\e\
etqr4T%¨lZReg\]T%n{&q]R~<T%^aegfc^(\]fA\]PlTb
f>SU~RnT
À4eg\x{fp\]PRT5W176 2 `pno>f>^aeg\]PRS§
  #	!7	! !   			
º·PlT%Z\aPRToc^a`>~RP\¢ Pl`cqzZRfb
en^ab%Reg\_m`5Cv ^]Tub
R^a^]T_Zlb
Toceg¬cT_qz`>Z,`pno>fc^]eg\]PRS negZRTu`p^ªegZFN,§C T%\ªlq
rRT%ZRf>\]T|D{ $  , \]PRTAgT_ZRop\aP £enZ9q]T%Zq©Tf>'Sj`ÀegZqx\aT_`>r,fpMq]RS¦zf>.\]PRTAq©PRfc^©\aT_q©\ª~l`p\]P^af>S \]f
A`pZlr&gT%\
  Pª|T\aPRTq]T
\zfp`pn½~R^aT_r4Tub
T_qaq]f>^kq¥f>P.§'O(PRT_Zf>|D¬Degfclq©n{j­¢TP`µ¬>T D
$   1¥¦
T
1 A$%#     £xu¦
­PlenbkPgTu`>rRq¢\afU\]PRTfcgnf­enZRoA`>gocf>^ae\aPRS D
 H;G Ð  ; IH  W1o6 2KJ y4T_`p^kbkPjfc^\]PRTq]PRf>^]\]Tuqx\1cª~l`\aPegZF6 q©enZRo`5Cv¸^aT_b%R^]^aT%Zb
T E
; 9'L 	 D'r4eg^aT_b
\]Tur8oc^a`>~RPO¢$zD3N\qµ¿
Ð 	 L 	! D $  hi\]PRTfc~4\]enSj`p½nT%ZRo>\]P m4\aPRTf>~R\]enSU`>½~l`\aPb
f>ZE\k`penZRT_r8egZ! ¿
 Ð µ D.^aT%enZlr4T%À\]PlT¬>T%^]\]etb
Tuq¢fp6|D{8`A\af>~<f>nf>ocenb_`p½q©fc^©\"_¿
; 9:;  ; =H ;QP>Ì D $P 
5# %$ '&2 
!¿
 Ð Ñ Í D0Ð  e ~  ÐsqwDcq Ñ Ð
b
fcSU~R4\]T $   1¥¦
HTq
1A$#     A-$  #    )(d¿
q]T
\* %$ ,+&V@.¿
Ì*9 Ñ aØÐ 
L  ; 9  D # d  %$fqrDcq &,Ï H ; H Ì #!- 
 Ñ Ð
~R^aegZE\ #¿
# d  %$ #.&]¿Ì*9 Ñ Ï H ; H Ì
/ ëGådé>ådíãåd÷dáãõ©êkí2âGådæèëMåkó!êC÷dæiêkéµà ð©êkôµâ.ëiåêkæGæGêkôµ÷dðzëiàµð
ð©æëGáãõ©ðxâ¥ådôUêªíãáãôuð¢áãôâiïµõØàAêCä êxîëiàêaë¥êkíãíêkæGõxâ¥êkæGð
ógæèå¹íãð[óë!ëGå(æèáã÷dà%ë0 åkëGðëGàêaë21436587:9 ;=<?>
@ ACB ED @ GF
;%HJI'KL8M8NPOQSRUT8VGWPX
l Ð  L H Ì(m ;  Í  9 (H Í  ;  XØ\]PRT,oc^a`>~RP»enqj^aT%~l^]Tuq©T_Zc\aT_r |E{ \]PRT~l^]Tur4T_b%T_qaq©fc^aqAfpT_`cbkP¹¬cT%^]\]T%À2m
\aPRT%Z³\aPRT&`>gocf>^ae\aPRS5 Pl`>qb
f>SU~RnT
À4eg\x{ 33q{Nyq §O(Plenqf>ngf­zq^af>S²\]PlTf>|lq]T%^a¬`\aegfcZ9\aPl`\
q{NyqpTu«c`ptq.\]PlTªq]RSÁf>½egZ4h[r4T_o>^aT%T_q'fp2\]PRTª¬>T_^©\aenb%T_q'`>ZlrA^]fcS\aPRTzè`cbd\'\aPl`\¥\]PRTb
fcSA~lgT%ÀDeg\x{f>½\]PRT
\af>~<f>nf>ocenb_`p½q©fc^©\(etq j5q Nyq $£èq]T%T2  bkPl`>~4\]T_^zVR§ VR§ E¦d§
ªÅ!E W}"
 r
ªÊlf>^f>R^~R^af>|RnT%S \aPRT¢egZlrRenb%T_qfpR\aPRT¢¬>T%^]\]etb
Tuq`>^]T¥Zl`\aR^k`png{enZlr4lb%T_r|D{`>~R~Tu`p^k`pZlb%T
f>!\aPRTqx\k`p^]\]enZRophØ~R^aegSUT_^aq_mDeG§ T>§\aPRTo>^k`p~RPenq`>g^aT_`cr4{U\]fc~fcgfco>etb%`>gn{q©fc^©\aT_r½§
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ  
Q ]y	 
M!  	  4
X[Z,\]PRetqªq]T_b
\]enf>Z­¢T`>qaq]fDb%en`p\]T`|RegZ`p^a{&¬`p^aet`p|RnT_q  ­eg\]P9`pZD{`>^aba ,^ gB$N fp.\aPRT$b%f¬>T%^aenZRo
oc^a`>~RP¢$zD3N`pZlr&­¢T`>nq]fU~R^af¬Eetr4Tª\]PRT`>^ab_q(­e\aPgT_ZRop\aPlq`>q¢fcgnf­zq-D
 
  *n¨  H 
  ,q0KBCN    ,^ n¨   , 
fc^T_`cbkP8~l`p\]PO JiiPo  0Y 1           H  ^  
£G>¦
º°Tb%`>Z&oceg¬cTª\aPRTf>nnf­egZRoAZRT%\x­¥fc^]¯jÒf­·f>^aSRt`\aegfcZ'D
$,egZRenSUeg¶_T"! £èVc¦
q]lbkP&\]Pl`p\
D #
 $S      1
#
     
    
   ,UB$D `>Zlr+,&%B Aq £E¦#
  $     L   £G>¦#
   ('G   '   £   ¦
  ,q0KBCN    ,^ )  +*,! £f p¦
X[ZE\]f8\]PRetqªSAf4r4T_Gm 
 ^  ,Henqz\]PRTAq©T%\ªfpM`>^ab_qf>R\©hØo>f>enZRoU^af>S ¬>T_^©\aT
À),`>Zlr 
*   ,Hetqz\aPRT$q]T
\
f>MenZ4hiocf>enZRo8`>^ab_q%§¡¥f>Zlq©\]^k`penZE\aqA£c¦
m'£Gc¦C`>Zlr £   ¦ª`p^aTZRT%\x­¥fc^]¯&Òlf­^aT%~R^aT_q]T%ZE\a`p\]enf>Zf>'\]PRTA~l`p\]Plq
^af>S A\]f u§¥¡¥fcZlq©\]^k`penZc\kqª£h p¦¢q]T%^a¬>Tz\af$Sj`>¯>Tª\]PRTf>|4wxTubd\aeg¬cTCRZbd\]enf>ZnegZRTu`p^u§£èV>¦[hk£h p¦¥enq¥\aPRTSAfEqx\
Z`\]l^a`> SUeÀ4T_r,egZE\]T_o>T_^z~R^af>o>^k`pSUSUenZRoAf>^aSRt`\aegfcZfp\]PRT$~R^af>|RnT%S§?8zf>\]T\aPl`\ª\]PRT$b
f>Zqx\a^a`>egZE\aq
£h p¦`p^aT\]PlT&fcZRg{³ZRfcZ¾ZRT%\x­¥fc^]¯9Òlf­¼\x{D~Tb
fcZlqx\a^a`>egZE\kq%§  Tub%`>lq©T8fpz\aPRT_q]T&b%f>Zlq©\]^k`penZE\aqq]f>n¬DegZlo
rReg^aT_b
\]n{j\]PRTSUf4r4T_M£èV>¦[hk£h p¦¢etqZRf>\(T%b
enT%ZE\_§
º°T,lq]T_r»\aPRT,Xx  #¡¥vM
-/. ã q©fcg¬cT%^Uf>^\]PRetq~Rl^]~<fcq]T,`pZlr»­¢Tb
nT_`>^]n{¾fc|lq©T_^]¬cT_r¹¬>T_^]{
~<fDf>^z~<T%^]f>^aSj`pZlb%T>§(O(PRT­(`µ{j\]f8SU`>¯>T\aPRenqCSUfDrRT%!Tu`>q]egn{&q]f>n¬`p|RnT£enZ,~<f>n{DZRf>SUet`p½\aegSUTu¦zenqz\]PRT
fcgnf­enZRol§ T%\ªlqªq©fcg¬cT£èVE¦Øhd£f p¦z|R4\b
f>Zq©etr4T%^aenZRo0!,`>qC`8b
f>Zqx\k`pZE\£èqa`µ{q]T
\!¡kA¦d§zO(PRT_Z m<\]PRT
¡¥v¥1-/.¼~R^aT_q]f>n¬>T_^ªq]T
\aq2  3 
!m½­PRT%Z$   ,^30 - k8§ C\]PlT%^a­enq]T>m<\]PlTUb%f>Zlq©\]^k`penZE\aq$£f p¦CPl`µ¬cT
ZlfegSU~l`cbd\¢f>Zj\aPRTC|RenZl`>^]{A¬`p^aen`>|RgTuq4  R§X[Zj\aPRenq¥Sj`pZRZlT%^'\aPRTCSUf4r4T_£GVc¦Øhd£f >¦.etq'\a^a`>Zlq©f>^aSATurAegZE\]f
~lR^]TZRT%\x­¥fc^]¯UÒf­6~R^af>|RnT%S­PlenbkPenqq]f>n¬>TurenZ~fcg{DZRfcSAet`p<\aegSUT£è`>Z&enZE\]T_o>T%^zq]f>n4\aegfcZ&etq¢f>RZr
q]enSA~lg{|D{q©fcg¬DenZRo\aPRT^aT%t`À4T_r8~R^]fc|RnT%S¦5µ§ 8Cfp\]T\aPl`\(\aPRTq©fcgR\]enf>ZegZlrRenb_`\]Tuqeg`A~l`p\]P^]fcS687 ðådòuâiðxæ
ðxñªàµå]ä½ð
ðxæ!uëGàêaë½ëiàuáãâ2ñµå%ð©â½ôuåkë àêkéµépðxôªá ó>ëiàuð/9 û&:éµæèð©âGådí 
ðxæ½áãâ2âið[ë½å3; !_âiáãôµõxðáãô(ëGàµáãâ½õ©êkâið!ëiàuð
õ©ådôuâGëGæiêkáãô
ëiâ(<2õxådô%ëGáãô%ïµð.ëiå(épðxæëiïµæèòëGàµð'ôµð[ë®ä½ådæGç=å©äónådæ¢ïµíìêaëGáãådô  4tö ?>  
ùù ô'3547698 
u 
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
\af ªT%ÀDetq©\aq(f>^Zlfp\zenZ^aT_q]~<T_bd\(\afU\]PRT¬`pnRTf>ik8§MOfU~T_^©fc^]S `jr4enbkPlfp\]fcSUenbq]T_`p^kbkP8fcZ/k8mR|D{8`\
SUfEqx\8Q: <?>kq]f>n4\]enf>Zqfp\]PRTb%f>^a^]Tuq©~<f>Zr4egZloAZlT
\x­¢f>^a¯UÒlf­ SUf4r4T_GmRetqTu«cleg¬`pnT%ZE\\aPRT%Z\afq©fcg¬cT
\aPRTSUf4r4T%£èVc¦Øhd£f p¦
§º9T&r4f,ZRf>\~R^aT_q]T%ZE\PRT_^]TU\aPRT\aegSUTjfc^$q]f>n¬EenZRoeg\Aq]egZb
Tjeg\$etqq]egocZRe¨<b%`pZE\ag{
PlegocPRT%^\aPl`pZ³\aPRTj\aegSUToceg¬cT%Z³egZ¹q©Tubd\]enf>Z¾­PRetbkPetqf>|R\a`penZRTur9|D{³r4T_rRenb_`\]Tur`pno>fc^]eg\]PRSjq_§8Cfp\]T
Plf­¥T_¬>T%^\]Pl`p\\]PlT_q]T8^aT_q]R\kqP`µ¬>Tj|<T%T%Z¹f>|4\k`penZRT_r¾egZ `¬>T_^]{³q©Plf>^]\\]enSUT9£fcZRn{9fc^A`9rR`µ{R¦`pZr
­eg\]Plf>4\­^]eg\]enZRo`pZD{b
f4r4Tc§O(PRT%{,q]T%^a¬>Tur\]f¬`pnenrR`p\]TAf>R^etr4T_`cqª`>Zlr\af&~R^af¬DenrRT\]PlT$|Renf>nf>ocenq©\aq
­eg\]P¨l^kq©\(^aT_q]Rg\aq_§
   
	&" &%#
	"
	 &
	$(:zª  
	C~°\]f,ZRf­m!\]PRTjT_^]^af>^f>¢\aPRTq]T%o>SUT_Zc\k`\aegfcZ9­(`>qSUT_`cq©l^]Tur9|D{\]PRTjSj`À4enSj`pMr4T_¬Den`p\]enf>Z°fp(\]PRT
q]T%ocSUT%ZE\aq^af>S`Â>Ã®ÄµÅ%Æ¸enrRT_`p¥gT_ZRop\aP §
	Cq]l`png{cm\]PRetqnT%ZRo>\]P¾etq\k`p¯cT%Z¾`>q\]PRT8SAetrRr4nT8f>\]PRT
enZE\]T_^]¬`p'    ¥£ei§ Tc§    t n %)¦(`pZlr&enqzegZè`>b
\C`A¯EenZlrfp.q]egSU~Rne¨<b%`\aegfcZfp!\aPRT~R^af>|RnT%S§
8Cfp\aTjf>^$T
ÀR`pSU~RnTj\]P`\$fcZ¾Êego§\]PRT_^]T8enq$`T_`cq©en|RnT~l`\aP.  k%$!'!§O(PRT8r4T_¬Den`p\]enf>ZenZ\]PRT
nT%Zlop\]Pqfpzb
fc^]^aT_q]~<f>Zlr4enZRoq]T%o>SUT_Zc\kq%md(*) P *)<µmenq¬>T%^a{q]Sj`pnGm`pZlr°\aPRetq~l`p\]Petqr4T%¨lZReg\]T%n{
` o>fDf4r6b%`>Zlr4etrR`\aT,fc^8\aPRT°}(hØv¢¡¢}\aT_bkPRZRet«ERT>§zf­¢T%¬cT%^ume\b%`>ZRZRf>\&|<T°r4etqab
f¬>T_^]Tur¸egZ \]PRT
^k`pSUT_­¥fc^]¯Ufp\]PlT`p|<f¬>Tr4T_qab
^aeg|<T_r&SUf4r4T%i§
Êlf>^\aPRT_q]Tj^]Tu`>q]f>Zlq_m½enZ³\]PRetqq]T_bd\aegfcZ m!­¢TjSj`p¯cTU`q©\]T_~°R^©\aPRT%^\]f­(`p^kr`«EReg\]TjZl`p\]R^k`p'ocT%Z4h
T_^a`>gen¶_`p\]enf>Z°fp(\]PlT~R^af>|RnT%S²|E{°b
fcZlq©etr4T_^]enZRo,·`>q$`~l`p^k`pSUT%\]T%^`>Zlr³nfEfc¯DegZRofc^  © q©lbkP³\aPl`\
\aPRTA|Tuqx\q©T_o>SUT%ZE\k`\]enf>Z­eg\]P9^]Tuq©~<T_b
\C\af&eg\etqªfpMSUenZRegSj`>T_^]^af>^u§ªO(PRetq­egnbkPl`pZRocT\aPRT$fc^]eno>enZl`>
~l^]fc|RgT_S1¥ ¦
C§
  0Y¨© \]f\]PRT(~R^af>|lgT_Sf1¥ ¦ 1¥ ¦C§
   n¤O©4§X[ZUfc^ar4T_^!\af~R4\.\]PlTn`p\]T%^
fcZRTenZ,SUf>^aT\]^k`>b
\a`>|RgTf>^aS ­¢T$b_`pZT
ÀRb%glrRT^af>S \]PlTSUf4r4T%egZ,\]PRTf>ngf­enZRoj­(`µ{ D(ÊRfc^ª`>Z
`>^]|le\a^a`>^]{ 1>HahØ~l`\aP \ C C8H 5znT
\ #    1¥¦D AH  `pZlr #  ¤  AH  <§£G}T_b_`pn2\]Pl`p\H ,HCenq\]PRTnT%ZRo>\]Pfp\]PRTU, ' q]T%o>SUT_Zc\d¦d§.O(PRT_Z&\aPRTf>nnf­egZRoU`>qaq]T%^]\]enf>Z8etq(\a^]RT D
O H ÌDÐ  Ì  ? @<? &lÅ0AÃ®ÆlÃ E!Å- > " 0  #%ÅiÂ+jÅ
Æ ,,GÃ.pÆ8ÂpÃ®ÄÅ
Æ C-n³Ã # 
5 P #  12#    pÆ<ÈAÃ ,
Ã # ,3,<Ã®Æ2ÅaÈ,4, &lÅnÅ
ÆDÂ,@&  ©  n 
  5#  t #     

XØ½­¢T(b_`pn #  1 #    #   ]Å)>ÈAf>\aPRT~l`p\]P U\]PRT_Z`>b_b
f>^kr4enZRoª\]f\]PlT(\]PRT_f>^aT%SÁ`>Z$Tu«EReg¬`>gT_Zc\
^aT
fc^]S$Rt`\]enf>Z9fp¢\]PRT`>|f¬cT
hØSUT%ZE\]enf>ZRTur,~R^af>|lgT_S etqq©enSU~Rn{,\]fO729 ÑIH Ìb/1 HkÎ7L 4IH ; 9¢
Ð=a  ; 9:;  =Hª L  Ì RÑ m.­PRetbkP¾etq\af,¨lZlr ©  #  1 #     1¥¦
J§
J #i 1 #C   E9£X[Z
b_`>q]Tªf>!Sl\aeg~RnTf>~4\aegSj`> q©fcg4\aegfcZ  © etq¥^aT%~l^]Tuq©T_Zc\aT_rj|D{j\aPRTf>ZRTf>|R\a`penZRTur­eg\]P&\]PRTSUegZlegS$RS
#   ¦
§X[Zfc^arRT%^ª\]f&¨lZlr\aPRetqªfc~4\]enSj`p¬`pnRTU`pZlre\kqª^aT_q]~<T_bd\aeg¬cT$fc~4\]enSj`p~l`\aP»£Gq©T_o>SUT%ZE\k`\]enf>Z<¦
­¢T~R^]fc~fEq©TC\x­¥f$~fcg{DZRfcSUen`>2`>gocf>^ae\aPRSjq%§O(PRTª¨l^kqx\(f>ZRTetq¥|`>q]T_rfcZ&`Ar4en^]Tubd\`p~R~Rnetb%`\aegfcZfp\]PRT
5W176 2 `>gocf>^ae\aPRS­PRennTª\aPRTq]T_b
fcZlr&enq|`>q]T_r&f>Z`ArR{EZ`pSUenb~R^af>oc^a`>SUSAenZRoAgen¯>T`>~R~R^afc`>bkP!§
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ c
     2  	4` $    ! 	
  
X[Z \]PRT»q©Tu«clT%­¢T¹`cq]q]RSUT\aPl`\9\]PRT" W1o6 2 etq,~R^af>~<T%^an{ `crµwxlq©\]T_r\]f ^aT
\aR^aZ \]PRT»b
f>l~RgT
£ # © &¢^# © &¢H¥­PlT%^aT # © &¢¢`pZlr # © ¢O`p^aT¢^aT_q]~ §\]PRTSUenZRenSU`>`>Zlr$\]PRTzSj`pÀDenSj`pRb%fcq©\'fp2\]PRT¬cT%^]\]etb
Tuq'enZ8q©fcSUTk'©q]PRfc^©\aT_q©\)z~l`\aPenZa¢ £ZRf>\]Tz\aPl`\¢\]PlTCnT%ZRo>\]Pf>½\]PRT~l`\aP(\ H  i     µm­PlT%^aT $ `pZr3   umetqo>en¬>T%Z°|D{31   AH  °`pZlr9\]P`\`pn'q]PRf>^]\]Tuqx\~l`p\]PlqP`µ¬>TA\]PRTqa`pSUT # © ¢(|R4\¢ZRfp\¢ZRT_b%T_qaq]`>^]enn{\aPRTªqa`pSUT # © ¢O%¦d§.ÊRfc^]Sj`>gn{>m-# © &¢Y¤1¥ ¦§ 1 AH   
   AH  <m­PRT%^aTetq`pZ³f>~R\]enSU`>'~l`p\]P m`pZlr # © ¢OO  ¥ ¦   AH  2§8Cf­m!nT
\K@»|<Tj\]PRTSUenZRenSU`>ZElS|<T%^fpq]R|lq]T
\kq   D³mªq_§ \u§ H       B   £\]PRetqo>`p^k`pZE\]T_T_qj\aPl`\
H  CY H  Ueg+  B  4m  B   `>Zlr 
Y.¦d§!T
\ ( '  J   C8Cd   E8|<Tfc^ar4T_^]Tur|D{     ^  I,$ A) i  I@ 1 < 5ªT%Zlfp\]T|D{1¢  MD5NPj\]PRTq]R|Roc^a`>~RP¾fpn¢ ­eg\]PD¡ J   B D H   E §'ªZRTªb
f>lnrUTu`>q]egn{$~l^]f¬cT(\]PRTb
f>^aT_b
\]ZRTuq]q'fp2\]PRTCf>ngf­enZRo`cq]q]T%^]\]enf>ZRh
q
D
;©§ #   # © &¢ "! $# ªmceG§ T>§eg #   etq.¯DZRf­Z m\aPRTzSUegZlegSj`pq©~R^aT_`cr~l^]fc|RgT_SÁb_`pZU|Tzq]f>n¬>Tur|D{8`Uq]egZlo>nTb_`pn2\]fa5W176 2 `>gocf>^ae\aPRS§
X[Zf>^kr4T_^¥\afU¨lZlr #    ­¥Tb%`>Z&q©TD
;;3#   - R3G 1¥¦  %'&)( J # © &¢5 1* E mpei§ Tc§!\aPRT~R^af>|RnT%S etq.q]f>n¬>T_r$|D{`\.SUfcq©\4@°£èb_`p^kr4egZ`pne\x{f>  ( ' ¦zb_`pnnqz\]f5W176 2 `pno>fc^]eg\]PlS £\]fj¨lZr # © &¢P
¦
m½`p~R~RnenT_r\af8`8q]T_«ERT_Zlb
Tf>'q©R|lo>^k`p~RPlq¢9­e\aPrRT_b
^aT_`cq©enZRoUb%`>^ar4enZl`>geg\x{jfp\]PRT¬cT%^]\]T%À8q©T%\_§
O(PRTZElS|<T%^Cf>'b%`pntqzb
fcRnr|<Tq]egocZReg¨b%`>Zc\ag{&^]Tur4lb%T_r|D{&lq]enZRoj\]PlTf>ngf­enZRo # pÃ ,+.#>,< ¾b
^aeh
\aT%^aen`(D
;; ;.-   # Ã   #    %B $ # © &¢  Hm'eG§ T>§\]PRT_^]T8enq$ZRfZlT%T_r\]f9`>~R~Rn{ R3G  ¥ ¦·~R^af4b
Tur4R^aT^af>S ; ;\]fj`pn/$B  ( '`>Zlr
;; ;.-   #>,<  2eg # © &¢5n 1 0 £ei§ Tc§.e¾etq¢q©lbkPU\aPl`\¥\]PRT_^]Tªenq¥ZRf~`\]P^]fcS \]f(egZa¢.m
\aPRT%Z\aPRTb
R^a^aT%ZE\ #   etq(\]PRTfc~4\]enSj`p½fcZRTu¦
§
º°TC­eng2b%`>g G32/O  \]PRTª^]Tu`pneg¶u`\aegfcZAf>k; ; egZj\aT%^aSjq'fp!b_`pnnq'\]f\aPRTn5W176 2 `pno>fc^]eg\]PlSÁ`pZr
\k`p¯DenZRoenZc\af&`cb%b
fcRZE\; ;;x§CO(PlTenZR~R4\enqªo>^k`p~RPj¢ `>Zlr\]PRTAZDRS|<T%^,     8CCd   m2lq©Turf>^
rRenqab%`>^ar4enZRo`pnl¬cT%^]\]etb
Tuq.fp5¢¤­eg\]P&b
fcq©\'nT_qaq\]Pl`>ZC§.O(PRT 3@q Nyq ¢b
fcSA~lgT%ÀDeg\x{fcgnf­zq^af>SÁ\]PRT
b_`p^kr4enZl`pne\x{jf>  ( ' `pZr8\aPRTb
fcSU~RgT%À4e\x{f>!\aPRT W1o6 2 `pno>fc^]eg\]PlS§
   465 4 7 	/4`  $  " ! 8495:  
º°T|<T%ocegZ\]Plenqªq©Tubd\]enf>Z­eg\]P,`>ZT%ÀR`pSU~RnTf>ZÊego§M`pZr&­¢Toceg¬cTª\aPRTfc^]Sj`p rRT_qab
^aeg~4\aegfcZfp\]PRT
`>gocf>^ae\aPRS `p®\]T_^]­¢f>^krRq_§¢!T
\ªqC`>qaq]fDb%en`p\]T\af&`pZD{&¬>T%^]\]T%À/,)Y fp\]PRTAb
f¬cT%^aegZRoUoc^a`>~RP,`q]T
\,; 
rRT
¨lZRTur`>q¢f>nnf­zq-D
ùù ô'3547698 
µ 
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
7 10
(11, 12)(11, 11)
s
11
(7, 10)
(11, 12)12
10 7
(7, 12)
(7, 10)
(7, 12)
(7, 10)
t
a
(7, 7) (7, 10)
b
c
d
e f
Êeno>R^aT8 D8O(PRetqoc^a`>~RP¾engnlq©\]^k`\aT_q\]PRTgenZR¯4q$|T%\x­¥T_T%Z¹q]egÀq]T%ocSUT%ZE\aq£è`lm | m bpm r½m T>m a¦A`pZlr¾\]PRT&\x­¢f
`>^©\ae¨<b
et`p.¬>T_^©\aenb%T_q,`pZlr$µ§O(PRTb
en^kb
nT_qb%f>ZE\a`>egZ°\]PlTgT_ZRop\aPlqf>¥\aPRT8b
fc^]^aT_q]~<f>Zlr4enZRoq]T%o>SUT_Zc\kq%§
 |f¬cT`pZD{8¬cT%^]\]T%À+,Cetqzoceg¬cT%Z\]PlTq©T%\,;z`cqCr4T%¨lZRT_renZ¾£èE¦d§B8zf>\]T\aPl`\CZlff>ZRTf>\]PRTT_gT_SUT%ZE\aq
f>z\]PlTgetqx\1; 9b%`>Z¹|<TT%negSUenZl`\aT_r½§  g\]PRfcRo>P¹\]PRTT_gT_SAT_ZE\   -
0&`p~R~<T_`>^aq$nT_qaqUegZE\]T_^]Tuqx\aegZlo
\aPl`pZb < *)<µme\kqT_genSUegZl`p\]enf>ZnT_`crRq\]f9`gfEq]qfp(\]PRT&q©fcg4\aegfcZ §X[Z¾b
fcZc\a^a`cqx\um`p\¬>T_^©\aT
À #­¥T
b_`pZ°T%negSUenZl`\aTj  *)AAq]enZlb
T)$ < *) &  $   *) &¢­eg\]PRfc4\nfEfEq©enZRo&\]PRTq]f>n4\aegfcZ §}T_q]~<T_bd\aeg¬cT%n{>m
`p\&¬cT%^]\]T
À ' ­¢T9b_`pZ6T_genSUegZl`p\]T  *)A,q©enZlb
T$  ,
 &  $  ) &©§ O(PRetq8T_gT_SAT_ZE\aq^aT_rRlbd\aegfcZ
b%f>^a^]Tuq©~<f>ZrRq'\afU\]PRT  fc~T_^a`p\]enf>Z&rRT
¨lZRTuregZ£xu>¦d§
;
-A { + q `A~l`p\]P^af>SU\]f ,ªq]lbkP&\]Pl`p\ #    {#  
	   £èc¦
X[ZA\]Plenq.­(`µ{`nenq©\ ;  b
fcZE\a`penZlq.r4en¬>T_^aq]T(q©~R^aT_`crRq.b
fc^]^aT_q]~<f>Zlr4enZRoC\]f  <~<fcqaq©en|RnTt 1 , khi~`\]Pq%§
O(PlTq©fcg4\aegfcZ&etq(\aPRTSUegZRenSj`p!q]~R^aT_`crenZ\]PRTnenq©\ ; ' §  ZenZE\]Reg\]en¬>Tb%f>Zlq©\]^albd\aegfcZ8f>\aPRTgetq©\aq ; etq(engnlq©\]^k`\]Tur8fcZÊenol§mR­PRengTf>^aSj`png{\]PRT_{&`p^aTb
f>SU~RR\]T_r|D{j\aPRT^]Tub
R^a^aT%Zlb%T_q£  E¦d§
;  
 
A    eg , 

   ('G A  { deq {d9B ;   eg ,¤
 S  
A  ¥ ¦  { H ,H^    H ,HHeq  { d9B
;   f>\]PRT_^]­etq©T
£  c¦
ªÅ!E  
Ts"
8Cfp\aTª\aPl`\\aPRT^aT_b
l^]^aT%Zlb%TA£  c¦¢etqb
fc^]^aT_b
\(q]egZb
T\]PlTb
f¬>T_^]enZRo$o>^k`p~RP&enqz`cb
{4b
netbp§
5ªT
¨lZlT_renZ\]Plenqª­¢`µ{cm4\]PlT$q]T
\,; ' b
fcZE\a`penZlq(\aPRT~`pen^ #    #  fc^ >ZE{,|<T%enZRo&`~l`\aP^af>S 9\af3µ§  b
f¬cT%^aegZloo>^k`p~RP¾|<T%enZRo³`>b%{Db%getbpm¥`pZD{³¬>T%^]\]T%À¾b%`pZ¹|T¬Denq]eg\]T_r f>ZRn{f>Zb
T&`>g(eg\aq
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ uV
~l^]Tur4T_b%T_qaq©fc^aqPl`µ¬>T¢|<T%T%ZUT_¬µ`>g`\]Tur½§.yDegZb
T¢\]PRTzb%f¬>T_^]enZRoo>^k`p~RP$enq­eg\]PRfc4\Mb
en^kb
Reg\aq_m\]Plenq.~l^]fc~T_^©\x{
~<T%^aSUe\kq'\afb
fcSU~R4\]TC\]PRTuq©Tq©T%\aqM|E{j`q]enZRo>nTz\a^a`µ¬cT%^kq©T(fp½\aPRTCoc^a`>~RP §O(PRTz^aT_q©\¥f><\aPRT`pno>f>^aeg\]PRSÁenq
Zlf­ q©\]^k`peno>PE\©fc^]­(`p^kr7D.q]T%nT_bd\C^]fcS ; ' \]PRTb%f>R~lgT  { d­e\aPSAenZRenSj`pq]~R^aT_`cr½mlr4T_gT%\]T¬cT%^]\]etb
T_q­eg\]P¹gT_ZRop\aP ZRf>\AenZ¹\]PRTegZE\aT%^a¬µ`> $ {  &©§  (ZD{³fpC\]PRT1 1 HahØ~l`p\]PlqAenZ¾\]PlT^aT_rRlb
Turo>^k`p~RP enq
fc~4\]enSj`pi§
O(PRetqA`pno>f>^aeg\]PRS enq$enZè`>b
\A`q]enSA~lgT&T%ZDRSUT%^k`\aegfcZ~R^]f4b%T_r4R^aT`pZr³\]PRTq]eg¶_Tfp\aPRT&q]T
\kq; 
b%f>Rtr,|<TU¬>T_^]{t`p^ao>Tc§ÊRf>^\aPRT_q]TU^]Tu`>q]f>Zlqª­¥TAenZc\a^]f4r4b
TU`pZ°f>~<T%^k`\]enf>Z¹£èqa`µ{  fc~T_^a`p\]enf>Z¦C­PRetbkP
nT_`crRq.\af`q]egocZReg¨b%`>Zc\¥^]Tur4lbd\aegfcZjegZ\]PRTuq©Tq©T%\aqMq]en¶%T>§O(PRT  f>~<T%^k`\aegfcZj^]T%\a`penZlq.fcZRn{\aPRfcq]Tªb%f>R~RnT_q
­PlenbkP8`>^]TªT%negoceg|lgTªf>^(b
fcZc\aegZDl`p\]enf>Z mEei§ Tc§S$4\]`png{jZRfcZenZlb
nlq]eg¬cT`>Zlrjetq¥SUfc^]Tª~R^]Tub
etq©T_g{jr4T%¨lZRTur
`cq¢f>ngf­zq
D
; © ; eA { d9B ; qk *  * KB ;- $  *   * &9 $ {  &G £©_c¦
O(PRT^aT_b%R^a^]T_Zlb
TU£  E¦¢enq(^aT_q]~Tubd\aeg¬cT%n{SUfDrRe¨lTur7D
; © 
 
A    e,¨

   ('  ;3©
©
e, 

     
A 1¥¦ { H ,HHF1) H ,HHeq { d9B ;3©   © fp\]PlT%^a­enq]T
£©>u¦
O(PRT  fc~T_^a`p\]enf>Z^aT%SUf¬>Tuq^af>S ;  f>ZRn{³~l`pen^aqO{ dj­PRenbkP¹`p^aT8f>|D¬Denf>lq]g{°ZRfcZ¾f>~4\aegSj`>Gm
|<T_b_`plq]Tf>£©_>¦
m `pZlr­¥T$\]PRT_^]T%f>^aTÈ Æ ,Cnfcq]T$q]f>n4\]enf>Z §O(PlTA`>gocf>^ae\aPRS  . O  m½etqr4T_qab
^aen|Tur
|<T%nf­§
 H;G Ð  ; IH  . O  176 2
; 9'L 	 D.r4en^]Tubd\aT_ro>^k`p~RPO¢$MD5NFµ¿
Ð 	 L 	! D.SUegZRenSj`p q]~R^aT_`>r$ #    #  µ¿
; 9:;  ; =H ;QP 4 ;èÐ<9 D ; © d A  t 2¿\af>~<f>nf>ocenb_`pzq©fc^©\µ£f6¦d¿
aiÐ  e ~  Ð qwDcq Ñ Ð
aØÐ 8=H3H ')B
     Ñ Ð
; © d 	
 ; © © ¿
Ì*9 ÑÑ Ð¸¿
Ì89 ÑÑ Ð»¿
 #    %#   d 45G  ¥ ¦ T  (   1 ¿
ùù ô'3547698 
_ 
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
8
12
[8, 12][12, 12]
[8, 14]
[8, 12]
[12, 14]
10 8
12
[14, 6]
[10,12]
14
a
[8, 8]
[8, 14]
b
c
d
e
s t
[12, 14]
f
[12, 14]
Êeno>R^aT¢=D&O(PRT¢o>^k`p~lPegnnlqx\a^a`p\]Tuq \aPRT(|T_Pl`µ¬Degfc^!fpl\]PRT(`pno>fc^]eg\]PRSf. O  fcZ\aPRT¥~l^]fc|RgT_S egZlq©\a`>Zlb
T
rRT%~Retbd\aT_r,fcZ9Êenol§D§XØ\¨lZlrlqC\aPl`\`>Z,f>~4\aegSj`>q]~R^aT_`crfp¥q]en¶%TjjT
À4etqx\kq`pZlr,\]Pl`p\ª\aPRTA`cq]q]f4b
et`\aT
nT%Zlop\]P  © Tu«El`ptq -!§O(PlT¢fc|4\a`>egZlT_r$f>~4\aegSj`pD~l`p\]PUetq
 1 51$1 '13Hµ§XØ\Mb
f>ZE\k`penZlqq©T_o>SUT%ZE\aq
­eg\]PnT%ZRo>\]Plqµ4m½_U`>Zlr9u4§
l Ð  L H Ì(m ;  Í  9 =H Í  ;   T%\9; © m  © |<TC\x­¢fq]T
\aq¢q]lbkPj\]P`\`pZD{ &pB
; © £^aT_q]~ §`pZD{ &FB  © ¦
etqC`SAenZRenSRS enZ,^]Tuq©~<T_b
\z\]f\]PRTenZlb%glq]enf>Z^aT%t`\]enf>Z!§B8Cfp\aT\]Pl`p\CenZ\]PRetqCb_`>q]T­¢Tb%`pZ,rRT
¨lZRT\]PRT
fcgnf­enZRo\afp\k`p fc^ar4T_^(^]T_n`p\]enf>Z8enZ ; © £^aT_q]~ §  © ¦
§
 { d   *   * Ceg±%   * c    *  £©u>¦
XØ¥­¥TA`>qaq©RSUTZlf­ \]Pl`p\ ; © `pZr  © `>^]Tq]f>^]\]Tur`>b_b
f>^kr4enZRoj\af9£xµp¦dm2\aPl`pZ9`p~R~Rn{DegZlo&q]f>^]\©hØSAT_^]ocT
`>gen¯>T(`pno>fc^]eg\]PlS­¥Tb%`>Z$^aT_`>gen¶%T¥\]PlT¢fc~T_^a`p\]enf>Z); © 
   ©  © egZ j&1!3q ; © qSq	  © q 'fc~T_^a`p\]enf>Zlq£èegZE\aT%^a¬µ`>½b
f>SU~l`>^]etq]f>Zlqk¦d§  tq©fAZRf>\]T\]Pl`p\(\]PRT^aT_q]R\(etqr4eg^aT_b
\]n{q©fc^©\aT_r&`>b%b%f>^kr4enZRo\]f£©up¦
§ 	Cq]egZRo
\aPRetq!fc|lq©T_^]¬`p\]enf>Z mu­¥T¢b%`>ZT_`>q]eng{~R^af¬>T\]P`\!\aPRT(b
f>SU~RnT
À4eg\x{ªf>4\]PRT+ . O  `pno>fc^]eg\]PRS etq 3&cq Nvq µm
­PlT%^aT  etq\aPRTSj`À4enSRS ZDRS|<T%^$fpzT_geno>en|RnTegZE\aT%^a¬µ`>nq`pZlr`>g¥fp(\]PRT_S´`p^aTjegZ\aPRT8enZE\]T_^]¬`p
    i§'O(PRTenZRT_«El`>geg\x{a *   1   % )b_`pZ|TTu`>q]egn{¬cT%^ae¨lTur½§

   )
	j9(%#	$
O(PlT`>|f¬cT&SUT_Zc\aegfcZRT_r»`pno>fc^]eg\]PlSUqA`p^aTo>T%ZlT%^k`p(~RR^a~fEq©TenZ»q]T%Zq©TfpRZlr4T_^]n{DegZlo9oc^a`>~RPlq_m'|R4\
\aPRT~R^aenSU`>^]{o>fc`>nq­¢T%^aTA\]flq]Tj\aPRT%S f>^\aPRTenZc\aT%^a¬`p'oc^a`>~RPlqr4etq]b%lqaq©Tur9enZ°\]PRT8egZE\]^af4r4lb
\]enf>Z §
O(P`\
2 qz­PD{`pn!^aRZlqª`p^aTr4f>ZRTf>Zo>^k`p~lPlq%mb
f>^a^aT_q]~fcZlr4enZRoA\]f&rRf>Sj`penZlqf>¬`>^]{DenZRojgT_ZRop\aPlqz­eg\]P
lZRefc^]SUn{$r4etq©\]^aeg|RR\]T_rA~R^aenSAT_^aq_§O(PEq\]PRTCn`cbk¯fp½q©Rjb%egT_ZE\'|Regfcgfco>etb%`>4SU`p\]T_^]et`p4etq'b
fcSU~T_Zlq]`p\]Tur
|D{j`^k`pZr4f>SUn{$ocT%ZRT_^a`p\]T_ro>T%Zlf>SUT_q¥`pZlrrRT_q]~Re\aTq]f>SUTªSAetq]SU`p\abkPRTuq'­eg\]P8\]PRT^]Tu`pne\x{A\aPRT%{jb
fcRtr
q]T%^a¬>T­¢T%n2f>^SUT_`cq©R^aenZRoA\]PRTb%f>SU~R4\k`\]enf>Z`p½`pZl`>g{4q]enq¢f>\aPRT%en^T
b
enT%Zb
{>§
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ µ
0
0.5
1
1.5
2
2.5
3
0 100000 200000 300000 400000 500000 600000
tim
e 
(s
ec
)
domain length (bp)
SSP-DIH algorithm
density=1/150
density=1/175
density=1/200
0
2
4
6
8
10
12
0 100000 200000 300000 400000 500000 600000
tim
e 
(s
ec
)
domain length (bp)
SITA algorithm
density=1/150
density=1/175
density=1/200
Êeno>R^aT   D -.À4T_b
R\]enf>Z¸\]enSUT £q©T_^j\]enSUTu¦Ufc^|<fp\]P6`>gocf>^ae\aPRSjq%m¢^aRZ·f>Z·^k`pZlrRf>SUg{ o>T%ZlT%^k`\]Tur
ocT%ZRfcSUT_qf>enZlb%^]Tu`>q]egZRojnT%Zlop\]P!m£©Ã 
®ÅA~R^]enSUT%^kqz`p^aTRZlefc^]SUn{r4etq©\]^aeg|RR\]T_rf¬cT%^\aPRT$rRf>Sj`penZ¦dm|R4\
f>¨RÀ4T_r~R^aenSAT_^ªr4T_Zlq]e\x{f>^ªT_`cbkP,b
R^a¬>Tc§º9TA~T_^©fc^]SUTurf>R^b
f>SU~RR\a`\aegfcZl`pT
À4~<T%^aegSUT%ZE\kqzf>Z,`
vT_Zc\aeglS £©>§   #PR¶µ¦Sj`>bkPRenZRTzfcZ enZERÀ2§ -M`cbkPj~fcegZE\¥fcZU\]PRTªb
R^a¬>Tuq.enq'\]PRTª`µ¬>T%^k`pocT(fp2\]T_Zj^]RZq%§
O(PlTnenZRT_`>^]eg\x{enZ  enq`>~R~l`>^]T_Zc\u§
}Tub%`>gnegZloj\]Pl`p\z\]PlT|l`>q]etb~l`p^k`pSUT%\]T%^kq`p^aT+DM\]PRTgÅ%ÆEÂ+, &   fp\]PlT$q©\]lr4enT_rocT%ZRfcSUTr4f>Sj`penZ m
\aPRTjÆ  ECkÅ!   fp~R^aegSUT_^aq(enZ\]PRetqzr4fcSj`penZ mD\]PRT$`pngf­enZRoAgT_ZRop\aP&^af>S  \]f  fc^\]PlTq©T_o>SUT%ZE\aq
`>Zlrf¬cT%^an`>~ª^af>S  \]f ¤meg\q]T%T_Sjq!SUf>^aT¥b%f>ZD¬>T_ZRenT%ZE\ \]fT
À4~R^aT_qaq½\aPRT(b
f>SU~RR\a`\aegfcZl`pDb
fcSU~RgT%À4e\x{
f>\aPRTC`>gocf>^ae\aPRSjq.`>q.`RZlb
\]enf>Zjf>\aPRT_q]T~l`p^k`pSUT%\]T%^kq_§Of­¢`>^arRq\aPRenqMT%Zlr mp\]PlTf>ngf­enZRoSUeÀD\aR^]T
f>~R^af>|`p|Rengetq©\]etb`>Zlrr4T
\aT%^aSAenZRetqx\aenb`>^]ocRSUT%ZE\aq(`>^]Tlq]T_r&|T_gf­§
XØ(­¥TUr4T_ZRfp\aTA|D{9\]PlTU`µ¬cT%^k`pocTr4T%Zq©eg\x{fp¥\]PRTU~R^aegSUT_^aqenZ\aPRTjr4f>Sj`penZ­¢TUf>|D¬Degfclq]g{Pl`µ¬cT
1 

 §08Cf­mfc^`>ZD{q©\a`>^©\aegZlophØ~R^]enSUT%^ªegZ\]PRTUr4f>Sj`>egZ,­¢TP`µ¬>TfcZ`µ¬>T_^a`>o>T   1  
b%f>SU~l`p\]en|RgT~l^]enSUT%^kq£ei§ Tc§¥Tu`>bkPf>ZRTf>.b_`pZ|RReng\ª`jr4eg±<T_^]T_Zc\Cq]T%ocSUT%ZE\z|T_o>enZRZRenZRoj­eg\]P\]PlTq]`>SUT
q©\a`>^©\aegZlophØ~R^]enSUT%^d¦d§O(PDlq_m'\]PlT8\afp\a`>(ZElS|<T%^Ufpq©T_o>SUT%ZE\aq$enZ \aPRTr4f>Sj`penZ etq j  1  	
 µ§
y4egSUenn`>^]n{>m2fc^`&o>en¬>T_Z9q]T%ocSAT_ZE\_m2\]PlT%^aTA`>^]T$f>Z³`µ¬>T%^k`pocT   1  °~f>\]T_Zc\aen`>~R^]enSUT%^kqz\af|T_o>enZ
`9b
fcSA~`\]en|RnTq]T%ocSUT%ZE\_¿Mf>^j`pZD{³fpz\aPRT_q]T&q©\a`>^©\aegZlophØ~R^]enSUT%^kq%m\aPRT%^aT`>^]T&f>Z `µ¬cT%^k`pocTj  1  
~<fp\aT%ZE\]et`pT%Zr4egZlophØ~R^]enSUT%^kq%§O(PRT\]fp\k`pZDRS|<T%^fp'~`pen^aqªfp¥b%f>SU~l`p\]en|RgTAq©T_o>SUT%ZE\kq£^aT%SUT_S|<T%^e\
b%f>^a^]Tuq©~<f>ZrRq'\afyq NvqDenZ\]PRToc^a`>~RP8\aT%^aSUegZRfcgfco>{R¦Menq(\aPRT%^aT
fc^]Tj  1   >   1  	 µ§
O(PRT_^]T%f>^aT>mR­¢Tf>|R\a`penZ\]P`\ª`>g!`>gocf>^ae\aPRSjq~R^af>~<fcq]T_r&egZ\aPRetqz~l`>~T_^C`p^aTEìÃ®Æ<Å) AenZ^aT_q]~Tubd\\]f
\aPRTzZDRS$|T_^Mfp2~R^aegSUT_^aq.enZU\]Plenq¢r4f>Sj`>egZ §*$fc^]T~R^aT_b%enq]T%n{>mp\]PRT`µ¬>T%^k`pocT¥|<f>lZlrRq.fc^.\]PlTzSj`À4egS$RS
ZDRS$|T_^fp¥fc~T_^a`p\]enf>Zlq`p^aT+Dj5q Nvq ( j  1   >   1   
fc^\]PRT 5É`pno>fc^]eg\]PlSm
3H  1  (q{Nyq   3H  1  <  1   f>^EG32/O  `>gocf>^ae\aPRS `pZr jcq Nyq 1
3H  1      1  	   f>^
 . O  `pno>fc^]eg\]PRS§  q¥­¥T`pn^]Tu`>r4{ASUT%ZE\]enf>ZlT_r    41   % )
etq(`\aPRT%fc^]T%\]etb%`p2R~l~T_^¢|<f>lZlrjfc^¥\aPRTgT_ZRop\aPlq¢fp \aPRTªnetqx\kq`>qaq©f4b
et`\aT_rU­eg\]P&\]PRT¬>T_^©\aenb%T_qª§.XØ\¢­(`>q
«EReg\]TUenZE\]^aenb_`\]Tur £è|R4\ZRf>\RZlT
À4~Tubd\aT_rl¦ª\affc|lq]T%^a¬>TPlf­ PDRo>TAenq\aPRTUoc`>~|<T
\x­¢T%T%Z9\]Plenq|<f>RZr
`>Zlrj\aPRT^]Tu`p<f>ZRTuqª£ègTuq]q¥\]PlT%ZuenZ&`>g2^aRZlq¢r4T%~Retbd\aT_r&f>Z8Êenol§   § ªZRTb%`>ZT_`cq©enn{q©PRf­»\aPl`\(\]Plenq
|<f>lZlrjetq¥`cbkPRegT_¬>TurAf>^MT%ÀR`pSU~RnTCf>Z`o>^k`p~RPjf>  $¬>T_^©\aenb%T_qM`>Zlrb%fcq©\aq.^af>S   
U\af ) 
 §
ùù ô'3547698 
   
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
XØ¥\]PRTj~`pen^aqT%ZE\aT%^aegZRo&\]PlTj¬>T%^]\]T%À,fp(b
fcq©\ju&`p^aT $ -
5, & $  <,* & $ *) ,-+&  $    & '$ P) 
&
\aPRT%Z³`pn£    1   % )¦ªfp'\aPRT%S ­egn'q©l^]¬Den¬>T\aPRTjq©T_T%~9fp  f>~<T%^k`\aegfcZ §  4\­Pl`\aT%¬cT%^enq
\aPRToc^a`>~RP9­eg\]P¾q]lbkPb
fEqx\kq\]PlT%^aTjenqZlf,b
f>^a^aT_q]~fcZlr4enZRor4f>Sj`penZ §O(PRTb
fcSA~lgT%ÀDeg\x{f> G32/O 
`>gocf>^ae\aPRSÉq]PRf>lnr|<T\a`>¯>T_Z­eg\]P,q]f>SUT~l^]Tub%`pR\]enf>Zlq(|<T_b_`plq]Tfpeg\aqC«EReg\]TgfDfcq]Tr4T_^]en¬`\]enf>Z£\]PRT
b%f>SU~RnT
À4eg\x{fp`pn½^]T_~T%\]eg\]en¬>Tb%`>gtq¥\]fa5Á`>gocf>^ae\aPRS¤etq¢\a`p¯cT%Z`\zeg\aq(Sj`À4enSRS¦
§.X[Z&\aPRetqq©T_Zlq©T
£\]PRT(¬`pnRT(fp0¦fcZRg{\aPRTb
fcSA~lgT%ÀDeg\x{fp . O  `>gocf>^ae\aPRS enq.q]T%Zq©eg\]en¬>T¥\]fª\]PRT(RZr4T%^ag{DenZRoo>^k`p~RP m
ei§ T>§Meg\ªb%f>Rtr|Tè`cqx\aT%^zfcZ\]PRTq]T
\zf>.egZE\]T_^]¬`>½o>^k`p~RPlq¢\aPl`pZfcZe\kqCb
fcSU~RgT_SUT%ZE\_§Cb%f>R^kq©Tcm4\]Plenq
ZlT%T_rlq.wxlq©\]eg¨b%`p\]enf>Z £G`>qC­¥T_g!\]PRT$T
b
enT%Zlb%{&f>G32/O  egZ,b%f>SU~l`>^]etq©fcZ\]f. O  ¦Cf>Z^k`pZlr4fcSUg{
ocT%ZRT_^a`p\]Turo>^k`p~lPlq£enZlqx\aT_`cr&f>r4fcSj`penZlqa¦
§
Êlf>^egZqx\k`pZlb%T>mp^aT_`>cneT¬`>gRTuqf>^\]PRT(~l`>^a`>SUT
\]T_^aq`p^aT+D. $|R~$f>^\]PRT(nT%ZRo>\]P$fpl\aPRTr4f>Sj`>egZlq¢¿
>>cA\]fµpc>$f>^ª\]PRT$ZDRS|<T%^fp.~R^aegSUT_^aq¿._|R~ u>>Afc^z\aPRT$nT%Zlop\]Pfp\]PRTUq]T%o>SUT_Zc\kq¿
 |R~Ép>Cf>^\aPRTf¬>T_^]t`p~`>Zlr   
  > £èrRT%Zlq]e\x{R¦
§8Cfp\]TPlf­¥T_¬>T%^\]P`\\]PRTl~R~T_^.T_q©\]enSj`\]T
fc^ enqenZlr4T_T_r,¬cT%^a{~Tuq]q]enSAetq©\]etb$`>ZlrlZRgen¯>T_g{\af&|<TU^]Tu`>bkPRTur,enZ^aT_`>negT+DegZ³`pnf>R^^aRZlq­¥T
fc|lq]T%^a¬>T_r$\aPl`\m  -
!§X[Zj~R^a`cbd\aenb%T>mp\aPRTª`>gocf>^ae\aPRSjq'`p^aTè`cqx\¥`>Zlrjb%`>Zq©T_o>SUT%ZE\M­Plf>nTzo>T_ZRf>SUT_q
enZ¬>T_^]{q]PRf>^]\(\]enSUT>§
  	¥
)!%	
X[Z\aPRetqz~l`>~T_^z­¥T~fEq©T`>Zlr`pZlq]­¢T%^(\x­¢f«clT_q©\]enf>Zlqª`p|<f>4\Cb%f¬>T%^aenZRoj`jr4f>Sj`penZ|D{&`q]T_«ERT_Zlb
Tf>
f¬cT%^an`>~R~RenZRo$q]T%ocSUT%ZE\aq_§.O(PRT«El`pne\x{8fp!\aPRTb
f¬cT%^aegZloetqSUT_`>q]R^aT_r&`>b%b%f>^kr4enZRo\afU\x­¥fUb
^aeg\]T%^aet`=D
& \]PRTSj`pÀDenSj`p r4T_¬Den`p\]enf>Zfp\]PRTq]T%ocSAT_ZE\aq¢gT_ZRop\aPlq(^af>SÉ`Aoceg¬cT%ZgT_ZRop\aP&etqSUegZlegSj`pi¿
& \]PRTSj`pÀDenSj`p q]~R^aT_`>r&|<T
\x­¢T%T%Z&\]PlTgfcZRo>Tuqx\z`pZr\aPRTq©Plf>^]\]T_q©\zq©T_o>SUT%ZE\etq(SAenZRenSj`pi§
º°T~R^]fc~fEq©T8f>R^j`>gocf>^ae\aPRSjq-D5ÎD6/.0Y`pZlr  f>^Uq©fcg¬DenZRo,\aPRT¨l^aq©\U~R^]fc|RnT%SmM`pZr
G 2+O  `pZlr- . O  fc^q]f>n¬DegZlo8\aPRTjq©Tub
f>Zr,f>ZlT>§$O(PlTAenZR~RR\f>M\aPRTj`pno>f>^aeg\]PRSjqªenq`q©f>hØb_`pngTur
b%f¬>T_^]enZRoo>^k`p~RP­PlenbkPetq$`q©R|lo>^k`p~RP³fp\aPRT8enZE\]T_^]¬`p¥o>^k`p~RP³lq]T_rf>^~l^]Tuq©T_Zc\aegZlo\]PRT8T_`>q]en|RgT
q]T%ocSUT%ZE\aq£enZE\]T%^a¬`ptqa¦`pZlr¾\]PRT_eg^U~<fcq]e\aegfcZ f¬cT%^\aPRTr4f>Sj`penZ §¾O(PRT`pno>fc^]eg\]PlSUq$`p^aT8f>ªr4eg±<T_^]T_Zc\
b%f>SU~RnT
À4eg\x{A`>Zlr½m4`>q¥`^aRgTcmE`PRegocPRT%^(b
fcSU~RgT%À4e\x{Ub
fc^]^aT_q]~fcZlrRq\af$`­enr4T_^M^k`pZRocTzfp!`>~R~Rnenb_`\aegfcZlq%§
Êlf>^egZqx\k`pZlb%T>mn5ÎD6/.0 ­¢f>^a¯4qfcZ `p^a|Reg\]^k`p^a{ oc^a`>~RPlq_mz­PRengT9f>^\  \]PRT°enZR~R4\o>^k`p~RP enq
­eg\]Plf>4\¥b%eg^kb
le\kq%§6G32/O  `pZlr . O  `>^]Tzf>½PRegocPRT%^¢b
fcSA~lgT%ÀDeg\x{\aPl`pZ\]PRT `>gocf>^ae\aPRSmp|R4\
\aPRTj~R^af>|RnT%S \]PRT_{9q]f>n¬>TUenqf>(q]T%T_SUegZRocg{PRegocPRT%^b%f>SU~RnT
À4eg\x{>§  fp\aP G 2+O  `pZlr1. O  ­¥fc^]¯
fcZRn{f¬>T_^o>^k`p~RPlq­eg\]Plf>4\$b%eg^kb
le\um!|R4\ G32+O  etqT
À4~<T_b
\]T_r°\af|T8SAfc^]Tjq©\a`>|RgTjfcZ`p^a|Re\a^a`>^]{
oc^a`>~RP6­eg\]PRfc4\b
en^ab%Re\kq%m­PRengT1. O  etqq©R~l~fEq©Tur·\]f»­¢f>^a¯»~l^]T%T%^k`p|Rn{¸f>Z enZE\]T_^]¬`po>^k`p~lPlq%§
Êlf>^T%À4`>SU~RgTcm!eg\aqb%f>SU~RnT
À4e\x{ j5q NyqQqrD&q $enqfc|4\a`>egZlT_r°lq]egZRo\aPRTj^]T_n`p\]enf>Z-  qrDSqgm |l4\\]Plenq
l~R~T_^|<f>RZlr³etq¬cT%^a{,^]fcRo>P¸£enZ¾`pn'fcR^T
À4~<T%^aegSUT_Zc\kqf>Z³enZE\]T%^a¬`p.oc^a`>~RPlq  -
<¦d§O`>|RgT
^aT_b_`p~Reg\]ln`p\]T_q¥\aPRTbkPl`p^k`>b
\]T_^]etqx\aenb_qMf>\aPRT~R^af>~<fcq]T_r&`pno>f>^aeg\]PRSjq_§
ú ù ú®ü
 +*-,[Å! dÃ ¤ÂcÅ%Æ UÅ#%ÅØÂjÅ
Æ ,,GÃ.pÆ 5 
 
	
  !  ! ""# $%'&(&()! &*(+,! -#
.0/1/2354(6 7 7 8  8:9<;>=8  8
? %@ AB$ .0/1/ 7 8  8
CED5FHGJI .0/1/2354(6
K 7 7 8  8L8  8(9<;>=58  8
CED5FHGJI .0/1/MK 7 8  8L8  8
? %')$NO$QPR$ .S4 FHG 7 8  8L8  8
O`p|lgT D¢}zT_b%`>~Reg\]Rt`\aegfcZfp.\]PlTr4f>Sj`>egZ,f>'`p~R~Rnetb%`p|legne\x{`pZr\]PRTAb
f>SU~RnT
À4eg\x{&f>\]PRT$~R^]fc~fEq©Tur
`>gocf>^ae\aPRSjq
O(PRT 5ÎD6/.0 `pZlr$ . O  `pno>fc^]eg\]PlSUqPl`µ¬cT|<T%T_Z°enSU~RnT%SUT%ZE\]Turq©enZRo ª|4wxT_b
\]en¬>T¡  $,
t`pZlo>l`>o>T>§O(PRT%{A\k`p¯>T`>q¥egZl~R4\¢\]PRTq©T%\¢f>!qx\k`p^]\]enZRo`pZrT%Zr4egZlophØ~R^]enSUT%^kq%m>\]PRTo>T_ZRf>SUTCrRf>Sj`penZj\]f
q]~Rne\.enZE\]fq©T_o>SUT%ZE\aq_mp`pZr\aPRT(~l`p^k`pSUT
\aT%^kqb%f>^a^]Tuq©~<f>Zr4egZloz\]fª\]PlT(q]T%ocSUT%ZE\.gT_ZRop\aP$`pZr\aPRT(f¬>T%^at`p~
q]en¶%T>§'Êlf>^|<fp\aP~l^]fco>^k`pSjq%mc\]PlT^]Tuq©Rg\enqC`pZf>~4\aegSj`p!getqx\f>q]T%ocSAT_ZE\aqqa`\]etq©{EenZRoUT%eg\]PlT%^(\]PlTenr4Tu`p
nT%Zlop\]P&b
^ae\aT%^aegfcZ£l5ÎD6/.0 `>gocf>^ae\aPRS¦dmEf>^'\aPRTSAenZRenSj`p½q©~l^]Tu`>rjb
^aeg\]T%^aenf>Z,£l. O  `pno>f>^aeg\]PRS¦d§
O(PRTuq©TU\x­¢f,`pno>fc^]eg\]PlSUq`>^]TU~l`>^©\f>z`~l`>bk¯`pocTAb_`pngTurc6Ì*9Ð=0 G ­PRenbkP¾`>nq]fegZb
nlr4T_q$`pZ4h
f>\]PRT_^q]fp®\x­(`p^aT>mRwxfcegZE\ag{r4T_¬>T%nf>~<T_r°­eg\]P\aPRT8X 8ª} MT SUenb%^]fc|Regfcgfco>{\aT_`>Sm\]f9o>T_ZRT%^k`\aT$\aPRT&q]T
\
f>¢~l^]enSUT%^kq%§  b
\]l`>gn{>m!\]PRetqq]fp®\x­(`p^aTj`>bd\kq`>q`~leg~<T%negZlTfp¢¨lg\]T%^kqT_r³|D{°`b
f>SU~RnT
\aTjo>T_ZRf>SUT+D
Tu`>bkP¨lg\]T_^_mlrRT_r4etb%`p\]T_r\afq©fcSUTq©~<T_b%e¨bT_`\aR^aT_q_mlr4etq]b_`p^kr`>g \]PRT~l^]enSUT%^kq­PRetbkPrRfZRfp\Cqa`\aenq©{
q©T_^©h[q©~<T_b%e¨T_r8b%f>Zlq©\]^k`penZE\aq£ #¡MhØb%f>ZE\]T_Zc\umD\]PRT_^]SUf4r4{DZl`>SAetbqx\k`p|Renne\x{cm4Pl`pen^]~legZgfDfc~q]eg¶_T>mRT%\ab>§ ¦
§
 fp\aP·`pno>f>^aeg\]PRSjqUPl`µ¬cT|<T%T_Z¸\]Tuqx\aT_r»f>Z»\]PlT ; ,< (&   *)
*)*5 #     aÅ7 # n7Øm` #^a`>S$hØ~<fcq]e\aeg¬cT
~`\]Plf>o>T_ZRetbz|l`cbd\]T_^]enRS§v'^]enSUT%^kq¢­¥T_^]TzocT%ZRT_^a`p\]TurU^]fcS \]PRT08CVlu ; 
     aÅ7 #'q©\]^k`penZlq]egZRoAr4eg±<T_^©h
T_ZE\¢¨\aT%^kq%§'O(PRTt`p^ao>Tuqx\r4f>Sj`>egZ^aT%~R^aT_q]T%ZE\aqc§ V$,|R~8­eg\]P`pZ`µ¬cT%^k`po>TC~R^]enSUT%^zr4T_Zlq]e\x{f>l§ c   §
O(PlTzb
f>SU~RR\a`\aegfcZA\]enSATzf>^'ocT%ZRT_^a`p\]enZRo\]PRTzfc~4\]enSj`pgetqx\'f>½f¬>T%^at`p~R~RenZRoq©T_o>SUT%ZE\kq.f>Zj`q©\a`pZrR`p^kr
!egZD4ÀSj`>bkPlegZRT£v¢¡ ^]RZlZRegZlo&`\A>§   #PR¶A­eg\]P°c   $,|E{E\aT_qªfp'SUT%SUf>^a{R¦zr4fDTuqCZRf>\ªT%À4b%T%Turf>ZRT
SUenZD4\]Tc§AO(PRetqetq`&¬cT%^a{è`>q©\~R^]f4b%T_qaqb%f>SU~l`>^]Tur\]f&\]PlTq©~l`cb
TAfp(`pn.~f>\]T%ZE\aen`>'q©fcg4\aegfcZlq_§$ÊRl^©h
\aPRT%^aSUf>^aT>m<`>qªT
À4~Rt`penZRT_renZ\]PlT$~R^aT%¬Denf>lqCq©Tubd\]enf>Z!m\aPRT$b%f>SU~RnT
À4eg\x{&f>'|f>\]P`>gocf>^ae\aPRSjqzetqCnegZlT_`p^
enZ^]Tuq©~<T_b
\(\]fA\]PRTocT%ZRfcSUTq]en¶%T>§
O(Pl`>ZR¯4q(\]fU\aPRetq~R^af>~<T%^]\x{>mD\]PlTlq]Tfp\]PRTuq©T`>gocf>^ae\aPRSjq¥etqzr4T%¨lZReg\]T_g{ZRfp\z^aT_q©\]^aetbd\]Tur\afq©Sj`>g
ocT%ZRfcSUT_q_mE|l4\Cb%`>Z|<T`p~l~RgenT_r8\]fq]eno>ZReg¨b%`>ZE\]n{jn`>^]ocT%^(f>ZRTuq%§
U   WVU	
w%&"z#	$
º°T9`>^]To>^k`\]T%Rz\afYX'¬cT_q8!T%nf>en^_m $,enbkPRT_ #`>4\]PlegT_^`>Zlr 8C`>R^]e  T%ZR¶u`>b%f>R^j^af>S \]PlT9X 8ª}  h
}zT%ZRZRTuq'SUetb
^af>|Renf>nf>oc{\]Tu`pSm>enZE\]^afDrRlb
enZRo\aPRTz~R^af>|RnT%S\]fqM`pZrAf>^M~l^]f¬Detr4egZloq'­eg\]P8`>glrl`\a`
b%f>Zlb%T%^aZRenZRo,\aPRT ; , =&  
*) *)*7 #    ]Å5 #|l`>b
\]T_^]enRS§¹yD~<T_b%en`>¥\aPl`pZl¯DqU`>^]T`ptq©f°r4RT&\]f³c`cb%«ERT_q
8Cenb%f>t`>q(`pZr[ZªegZb
T%ZE\zvf>en^a^]enT%¶ªf>^PRT_g~RR!r4etq]b%lqaq©enf>Zlq_§
\ û4êkòpådæGêaëiådáãæèð(ñEý à
î_÷dá!]©ôuð(êkíãá6ðxô%ëiêkáãæèð! $ ù %ß!û&!pú ù ü!  1_üù! >98zæGïµðMñµð uêkáãô%ë 2æGáãðxïµõ!) 98dÿ 4
þªù ðxôµôµðxâ
õ©ðxñµð"^ !`_æGêkôµõxð
ùù ô'3547698 
u 
 ªÆ<È+pÆ pÄ 
 Æ2Å
Ä	 
'ÄÅ%ÆlÃèÅ- 
  
Å
CkÅ- 
  (	&¢
n7 R^af4rR`&T
\`pi§gmº·PRf>nTUo>T_ZRf>SUTUq©Tu«clT%Zlb%egZRof>¥SUT
\aenb%T%ngenZ4hØ^]Tuq©etqx\k`pZE\ ; ,< =&   *  *)*7 #    ]Å7 #dm
`pZlb%T
\_m=8CfVc( DmRpcR>§
ã $§"ªPlZRenq]PReim>§pO!T_^a`pwxegSj`Rm U§ l^]fc¯µ`µ­(`Rm U§8ª`p¯`µ{c`>SU`lmO§ $R^k`\a`lm U§pO`>SR^k`RmBXA§ ªo>l^a`lm
§uº³`\k`pZl`>|TcmpO§XM`µ{c`>q]PReim #T%ZRfcSAetb¢r4eg¬cT%^kq©eg\x{fplT_ZE\]T%^af>PlT%SUf>^a^]P`po>etb  #-*)&RÅ- dÃ.* &4Ã. *)Ã+s
^aT%¬cT_`pnT_r8|D{­PRf>nTo>T_ZRf>SUTv¢¡¢} q]b_`pZRZlegZRom4v'^afDb>§=8C`p\]i§  b%`cr½§ly4b
ei§ 	y  m 8zf    lmlp>E4§
 V 8§E¡¥PR^aenq©\]f>¨r4T_q_m"#^k`p~RPUO(PRT_f>^a{>§  Zj`>gocf>^ae\aPRSUenb¢`p~R~l^]fE`>bkP m  b_`>r4T_SAetb(v'^aT_qaq%mc f>Zr4f>Z ml  ( >
   $§ #f>Zlr4^k`pZ`pZlr/$§ $egZlf>4À½m #^k`p~RPlq`>Zlr  no>f>^aeg\]PRSjq_mR>fcPRZ&º·enngT_{Áy4f>Zlq_m½  cp
ãXx* #Á¡¥vM
-/. D§ A^]T%T%^aT%Zlb%TªSj`>ZE`pim4­­­§ engfcol§ b
fcS
ú ù ú®ü
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)  	


  
ISSN 0249-6399
